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ABSTRACT 
The Cabrera vole Microtus cabrerae is a Vulnerable species in Portugal and Spain. The 
lack on the general ecology and the importance of the conservation of this species lead to 
this thesis, which also has as a goal to contribute to a future conservation plan. 
It was identified an enlargement of the previously known distribution at a national 
scale, particularly over the most central region of Portugal, extending its range to the 
north-eastern side and to the southwest. This vole is not as specialized at a regional scale 
as it was detected for the national model. The importance of the montado, which was not 
detected at a national scale, was also highlighted. Contrarily, at the colony scale, open 
areas with high herbaceous cover determined the occurrence of voles. However, 
distribution and spacing greatly varied throughout the year.  
Several demographic and spatial parameters were determined. Although most of them 
are consistent with previous studies, differences between wet and dry seasons for these 
parameters had never been reported. 
The palatability experience revealed a preference of voles for monocotyledons and 
annual plants, but no relationship with grassland plant communities. The hypothesis that 
the establishment of a colony is mainly determined by abundance and persistence of 
plants, rather than by their palatability, was suggested. 
Post-wildfire recolonisation was studied for the first time. Vegetation structure and 
composition were closely related to reoccupation. Fire intensity did not influence 
recolonisation, contrary to distance from unburned areas and the presence of the 
montado. 
In this thesis the importance of the montado was reinforced (chapters III and VI) as 
well as differences detected between seasons (chapters III and IV). Several aspects, such as 
main distribution areas, habitat characteristics and dietary preferences (chapters II, III 
and V), are of major importance in the definition of a future national conservation plan for 
the species. 
 
Key-words: Microtus cabrerae, conservation, distribution, palatability, plants 
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RESUMO 
A bacia do Mediterrâneo, considerada como um dos maiores “hotspot” de 
biodiversidade da Europa, é tida hoje em dia como uma das regiões mais transformadas da 
Terra. Foi estimado que apenas 5% da vegetação original se manteve inalterada em 
pequenos fragmentos dispersos na paisagem, sendo a fragmentação dos habitats um grave 
problema, particularmente no que se refere a espécies endémicas. 
Das cerca de 220 espécies de mamíferos terrestres que habitam a região do 
Mediterrâneo apenas 25 são endémicas. Para além disso, espécies do hemisfério norte que 
têm populações isoladas no limite sul da sua distribuição merecem uma atenção especial, 
pois estão mais expostos a riscos de extinção. Idealmente estas espécies deveriam ser o 
principal alvo dos projectos de conservação e gestão da vida selvagem.  
A presente tese foca uma dessas espécies-alvo, o rato de Cabrera (Microtus cabrerae), 
um roedor endémico e ameaçado que possui uma distribuição fragmentada na Península 
Ibérica e que provavelmente enfrenta um declínio populacional, tanto em Portugal como 
em Espanha. 
Embora durante a idade do Bronze (2200 AC) a área de distribuição desta espécie 
incluísse a maior parte da Península Ibérica e a costa mediterrânica francesa, nos três 
milénios seguintes o rato de Cabrera desapareceu de França, da costa mediterrânica 
espanhola e da costa atlântica portuguesa. Actualmente, também devido a esta redução da 
sua área de distribuição, é considerada uma espécie Vulnerável, tanto em Portugal como 
em Espanha, estando também citada no Anexo II da Convenção de Berna (82/72/CEE) e 
na Directiva Habitats (92/43/EEC). 
À data de início desta tese o rato de Cabrera era dado para o sudoeste de Portugal, 
centro e nordeste. No entanto, os limites da sua distribuição não se encontravam 
claramente definidos, sendo esta informação bastante desactualizada e frequentemente 
resultante de registos ocasionais. Dentro da sua área de distribuição foi encontrado em 
áreas de montado, junto de pequenos cursos de água, juncais e zonas de gramíneas altas, 
sendo esta informação recolhida em trabalhos muito descritivos e pouco direccionados a 
perguntas concretas sobre as preferências da espécie. 
Do mesmo modo, os dados existentes relativos às preferências alimentares do rato de 
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De entre os aspectos menos estudados até então encontravam-se a organização social 
e o uso do espaço, assim como vários parâmetros demográficos. Os poucos estudos 
disponíveis sobre estas matérias foram realizados em Espanha, sendo as informações 
sobre as colónias portuguesas muito escassas. 
A falta de conhecimento sobre a ecologia desta espécie, aliada ao seu interesse 
conservacionista, levou à elaboração do plano desta tese, tendo como principal objectivo 
aumentar o conhecimento de base de modo a contribuir para um futuro plano de 
conservação do rato de Cabrera. Para atingir este objectivo outros objectivos específicos 
foram delineados, de acordo com os tópicos que se seguem. 
 
Capítulo II - Distribuição Nacional 
O principal objectivo deste capítulo foi actualizar os dados de distribuição do rato de 
Cabrera em Portugal, recorrendo à análise de regurgitações de coruja-das-torres (Tyto 
alba), um predador nocturno deste roedor. Através de regressões logísticas e utilizando 
diversas variáveis ambientais modelou-se a distribuição e determinou-se quais as 
variáveis determinantes para a actual distribuição do rato de Cabrera em Portugal. 
 O esforço realizado na recolha de novos dados resultou num claro aumento da área 
de distribuição conhecida até ao momento. Dos dois modelos de regressão logística 
desenvolvidos (um apenas com as variáveis ambientais e outro integrando também a 
variação devido à autocorrelação espacial) foi evidente a maior probabilidade de 
ocorrência da espécie na região central do país, estendendo os seus limites para nordeste 
e para sudoeste. A área de distribuição caracterizou-se por possuir valores de precipitação 
média entre 600 e 1200 mm, humidade baixa (menos de 85%) e solos ácidos a neutros 
(pH entre 3 e 7). Os mapas de distribuição potencial sugerem que existe uma 
fragmentação da população nacional de rato de Cabrera, identificando-se três núcleos 
principais de maior probabilidade de ocorrência: nordeste, centro e sudoeste. Sendo a 
maior parte destas áreas fora de áreas classificadas, deve-se olhar para estes dados como 
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Capítulo III – Caracterização de habitats 
Para além da avaliação das macrovariáveis, também foi feita uma avaliação das 
preferências do rato de Cabrera a outras escalas: escala regional e local (colónia).  
Na região considerada para este estudo (Sudoeste de Portugal) foram detectadas 
várias colónias, não só em prados de gramíneas altas, mas também em habitats mais 
ruderais, como bermas de estradas. Recorrendo à Análise Factorial de Nicho Ecológico 
(Ecological Niche Factor Analysis – ENFA) calculou-se um modelo global de qualidade de 
habitat, com os respectivos valores de marginalidade e especialização. O modelo obtido 
revelou um bom ajustamento aos dados e os valores de especialização e marginalidade 
revelaram que o rato de Cabrera não é uma espécie tão especializada como se supunha, 
pelo menos à escala considerada. O modelo obtido realçou a importância que o montado 
tem para este roedor na região. A manutenção deste habitat, com as suas práticas de 
gestão tradicionais, é essencial para a preservação do rato de Cabrera no Sul de Portugal. 
Para avaliar as preferências da espécie a nível local seleccionou-se uma área mais 
pequena dentro da região já referida, onde se monitorizaram mais de 30 colónias. Usando 
diversas variáveis que caracterizam a estrutura e composição do habitat e recorrendo à 
análise de regressão logística foi possível identificar as que mais contribuem para a 
presença de uma colónia, durante as épocas seca e húmida. Os modelos obtidos revelaram 
que áreas abertas com grande cobertura de herbáceas foram as variáveis mais 
importantes nas duas épocas do ano. Os resultados demonstraram igualmente que a 
distribuição das colónias variou bastante nas duas épocas consideradas, o que poderá ser 
relevante na elaboração de futuros planos de conservação para o rato de Cabrera.  
 
Capítulo IV – Estrutura demográfica e comportamento espacial 
Até à data de início desta tese muito poucos trabalhos tinham sido feitos recorrendo à 
captura do rato de Cabrera. Estes estudos permitem obter dados dificilmente obtidos 
recorrendo a outras metodologias, nomeadamente dados biométricos, demográficos, de 
organização social e de utilização do espaço.  
Para a realização do estudo do presente capítulo utilizou-se a armadilhagem para 
capturar animais mensalmente, durante um ano, em quatro colónias adjacentes. Os 
resultados obtidos com esta metodologia permitiram estimar densidades, sex-ratio, 
recrutamento, bem como outros dados demográficos, muitos estimados pela primeira vez 
para colónias portuguesas. As densidades obtidas foram bastante baixas, quando 
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comparadas com as de outros estudos, embora a variação anual seja semelhante. Durante 
a época mais seca do ano verificou-se uma redução na actividade reprodutora e a 
consequente diminuição do recrutamento interno e densidade. Para além destes 
resultados, obtiveram-se ainda resultados relativos à utilização do espaço e organização 
social, tais como: distâncias entre localizações sucessivas, áreas vitais e percentagens de 
sobreposição de áreas vitais. Também para estes parâmetros foram registadas diferenças 
relativamente a outros estudos. Com efeito, identificaram-se áreas vitais maiores no 
presente estudo. Apesar destas diferenças, o padrão geral de semelhanças entre os sexos 
para todos estes parâmetros é consistente com outros estudos, ao contrário do que sucede 
com as diferenças detectadas entre as diferentes épocas do ano para muitos dos 
parâmetros anteriormente referidos. As diferenças significativas entre áreas vitais, 
distâncias entre localizações sucessivas e a sobreposição entre áreas vitais para as duas 
épocas do ano consideradas (seca e húmida) nunca tinham sido detectadas e constituem 
dados ecológicos de base essenciais na elaboração de uma estratégia de base para a 
conservação da espécie.  
 
Capítulo V – Ecologia Trófica 
À data de início desta tese existia apenas um artigo científico abordando a dieta do 
rato de Cabrera, que revelava a predominância de monocotiledóneas, sobretudo 
gramíneas perenes e juncáceas, nos conteúdos estomacais deste roedor. Com o presente 
trabalho pretendeu-se testar, pela primeira vez, a palatabilidade de 21 espécies de plantas, 
para o rato de Cabrera, que ocorrem dentro e fora das típicas comunidades de gramíneas 
perenes, mais comuns nas colónias. Para além disso, pretendeu-se também determinar a 
possível existência de uma relação entre as preferências alimentares e a selecção do local 
da colónia. Os resultados demonstraram um grande consumo de monocotiledóneas e 
plantas anuais como: Festuca ampla, Agrostis castellana, Brachypodium distachyon, B. 
phoenicoides and Vulpia geniculata, mas não se verificou qualquer relação entre as plantas 
mais seleccionadas como items alimentares e as típicas comunidades de gramíneas 
perenes. A preferência por plantas anuais, em detrimento das perenes, que ocorrem mais 
abundantemente fora das colónias, levam à hipótese que o estabelecimento de uma 
colónia é determinado mais pela abundância e persistência das plantas ao longo do ano do 
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Capítulo VI – Vulnerabilidade da espécie a eventos estocásticos 
Embora as queimadas e os incêndios sejam frequentes em muitas das áreas habitadas 
pelo rato de Cabrera, o efeito do fogo sobre esta espécie nunca foi estudado. Com este 
trabalho monitorizaram-se várias colónias durante um ano, após um incêndio e, pela 
primeira vez, avaliou-se o efeito do fogo na recolonização das colónias desta espécie. 
Durante os primeiros oito meses nenhuma das colónias foi reocupada, no entanto, 
após um ano, 11 das 18 colónias tinham sido recolonizadas. A estrutura e composição da 
vegetação (altura da vegetação, diversidade, percentagem de solo nú e cobertura de 
arbustos antes do incêndio) nas colónias, parâmetros importantes no fornecimento de 
protecção e nutrição, estavam claramente relacionadas com a recolonização. 
Surpreendemente, a intensidade do fogo não teve qualquer influência no processo de 
recolonização. Por outro lado, verificou-se que uma maior distância das colónias à área 
não ardida atrasou o processo de recolonização. A importância do montado para o rato de 
Cabrera foi reforçada pela evidência de que a recolonização ocorreu preferencialmente em 
colónias localizadas neste habitat.  
 
Considerações finais 
As lacunas no conhecimento ecológico de base para o rato de Cabrera foram o 
principal motor para o início desta tese. Sem o conhecimento de base agora aumentado, 
não seria possível elaborar um plano de conservação bem fundamentado no conhecimento 
científico. Assim, no final desta tese foi possível enunciar alguns aspectos que deverão ser 
incluídos num futuro plano de conservação. Os aspectos salientados nos primeiros 
capítulos, nomeadamente a distribuição da espécie e preferências de habitat, são 
essenciais na definição das áreas e habitats a proteger. As áreas de maior probabilidade de 
ocorrência não se encontram em Zonas Especiais de Conservação (ZEC), o que poderia ser 
rectificado de acordo com os dados aqui apresentados. Nos capítulos III e IV verificou-se 
que existem diferenças na ocupação do espaço quer dos indivíduos nas colónias, quer das 
próprias colónias, entre a época mais seca e a época mais húmida do ano. Esta 
sazonalidade é especialmente importante quando se pretende proteger uma determinada 
colónia, pois a sua localização pode variar ao longo do ano. Tanto no capítulo III como no 
capítulo VI é salientada a importância do montado para o rato de Cabrera, sendo este 
habitat especialmente importante na região Sul. Características mais específicas de habitat 
avaliadas em vários capítulos (capítulo III, capítulo V, capítulo VI) permitiram definir 
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acções muito concretas a adoptar em caso de se verificar que são necessárias medidas 
minimizadoras.   
 
Palavras-chave: rato de Cabrera, conservação, distribuição, área vital, sazonalidade, 
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1 Introduction 
The main aim of conservation biology is to protect biological diversity and the 
processes that sustain it in the face of perturbations caused by human activity.  
Recent estimates suggest that up to 50% of all species on the planet will disappear 
within the next 50 years, which will contribute not only to increase poverty and starvation 
but also to reset the course of evolution on this planet (Millenium Ecosystem Assessment, 
2005).  
The Mediterranean Basin, the main biodiversity hotspot in Europe, stretching west to 
east from Portugal to Jordan and north to south from northern Italy to Morocco, is 
considered nowadays one of the most significantly altered regions on Earth. It was 
estimated that only about five percent of the original vegetation (e.g. evergreen oak forests 
and conifers) remains in small scattered patches. Thus, habitat fragmentation is a serious 
problem, in particular regarding endemic species. Out of the 220 terrestrial mammal 
species inhabiting the Mediterranean Basin, a mere 11 percent (25 species) are endemic. 
In addition, following Soulé & Kohm (1989), species in the northern hemisphere that have 
isolated populations in the southern part of their distribution range are worth special 
attention because they are more exposed to extinction risks than others. Ideally these 
populations should represent the target for practical conservation and wildlife 
management. 
The present thesis focus one of these target species, the Cabrera vole (Microtus 
cabrerae), an endemic and threatened rodent, showing a discontinuous distribution across 
the southern part of Iberia, and probably facing population declining both in Portugal and 
Spain (Blanco and González 1992, Cabral et al. 2005).  
The Cabrera vole is one of the poorest known rodent species in Europe. The reduction 
in numbers and the fragmentation of its distribution area have been mainly imputed to 
changes in its natural habitat, frequently associated with oak woods (e.g. Landete-
Castillejos et al. 2000), in combination with a very slow renewal rate of populations 
(Fernández-Salvador 1998, Landete-Castillejos et al. 2000, Fernández-Salvador 2001, Pita 
et al. 2006a). 
The results achieved with this study may provide an ecological baseline to develop a 
realistic conservation strategy for the species, since most of the information on the species 
is relatively old (Ayarzaguena et al. 1976, Ayarzaguena and lopez-Martinez 1976, Soriguer 
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and Amat 1988, Ventura et al. 1998), largely descriptive (Fernández-Salvador 1998) or it 
only refers to scattered colony data (Ayarzaguena et al. 1976, Garrido-García 1999). 
Providing data on habitat and resources requirements, by selecting which habitat 
components correlate most with the presence or absence of the species and by analysing 
diet preferences, determine demographic and social parameters or analyse responses to 
stochastic events, are within the detailed baseline information needed to prepare any 
conservation plan (Pimm et al. 1988, Caughley and Sinclair 1994, McKinney 1997, 
Simberloff 1998, Purvis et al. 2000, Simcharoen et al. 2008, Hillen et al. 2009). In fact, most 
of the conservation plans done all over the world have been based upon anecdote and 
myth rather than upon the systematic appraisal of the evidence, which constitutes a major 
problem for the conservation of species (Sutherland et al. 2004).  
Our main motivation is to be able to effectively contribute to a conservation action 
plan for the Cabrera vole. 
 
2 Background information on the Cabrera vole 
2.1 Evolutionary history and occurrence in Portugal 
The Cabrera vole - Microtus cabrerae - was firstly described by Thomas in 1906 from 
the Sierra de Guadarrama (Spain). The most direct ancestor of M. cabrerae is M. 
brecciensis, a fossil species that occupied the southwestern Europe until the Pleistocene, 
being both species considered into de subgenus Iberomys (Cabrera-Millet et al. 1983).  
Until the Bronze Age (2200 BC) the distribution area of the Cabrera vole included 
most of the Iberian Peninsula and the Mediterranean France (Figure 1). However, 
throughout this period, the area occupied decreased and during the next three millennia, 
not only due to the aridification phases that occurred during the Bronze Age, but as well 
due to increased habitat changes induced by man, namely agriculture (Cabrera-Millet et al. 
1983), the species disappeared from the Mediterranean coast of Spain (Ayarzaguena and 
Lopez-Martinez 1976), France (Balsac 1939) and the Atlantic coast of Portugal (Storch and 
Uerpmann 1969, Niethammer 1970).  
The present patchy distribution of the Cabrera vole includes diverse areas from 
central and southern Portugal to the Iberian Prepyrenees through central and 
southeastern Spain (Madureira 1979, Madureira and Ramalhinho 1982, Niethammer 
1982, Ventura et al. 1998). In Portugal, the species is known  from the southwest through 





5 | P a g e  
 
the centre and northeast part of the country (Madureira and Ramalhinho 1982). However, 
not a single study has been carried out to clarify the geographical limits of the species 
distribution in Portugal. The few known studies referring to the occurrence of the species 
are mainly based in the analysis of  owl pellets in order to characterize rodent 
communities or owls’ diets (Madureira 1979, Madureira and Magalhães 1980).  
 
 
Figure 1 – Distribution of Microtus cabrerae and of Iberomys; following Ayarzaguena and Lopez-Martinez 
(1976) and Cabrera Millet et al. (1983) for Pleistocene and sub-fossil data and following Palomo and Gisbert 
(2002) for Spanish data and Madureira and Ramalhinho (1982) for portuguese data. 
 
2.2 Morphology 
The Cabrera vole is a robust vole being one of the heaviest voles of the genus Microtus 
(Fernández-Salvador 1998). Its dense fur is brown or brownish-grey above with long 
guard hairs protrude far on rump while the underside is paler (Cabrera 1914, Fernández-
Salvador 1998).  The feet are also paler with white toes, having 6 plantar tubercles 
(Fernández-Salvador 2007). The tail is slightly bi-colored grayish above and yellowish 
underside (Figure 2). As in other microtines, juveniles are darker and have more short and 
dense fur.  
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Body mass in adults ranges from 30 to 76 g and body measurements are as follows: 
body length 93 to 141 mm , tail length 30 to 46 mm, ear length 9.8 to 16.6 mm and hind 
foot length 18.2 to 22 mm (Fernández-Salvador 1998, Ventura et al. 1998). A skull almost 
convex in profile is also characteristic of this species. Dental formula is 1/1, 0/0, 0/0, 
3/3=16. Molar teeth are hipsodont and without roots. Males and females do not show 
significant differences in body or cranial measurements and shape (Fernández-Salvador 
1998). However, sexual dimorphism is found in pelvis dimensions (Ayarzaguena and 
Cabrera 1976). The Cabrera vole has four pectoral and four inguinal nipples (Niethammer 
et al. 1964). 
 
 
Figure 2 – The Cabrerae vole (Microtus cabrerae). 
 
2.3  Habitat 
Within its range, M. cabrerae occurs mainly at medium altitudes, in brushwood near 
small streams, in riverside sedge/rush areas or in tall-grass fields, frequently associated 
with Oakwood (Niethammer et al. 1964, Ayarzaguena et al. 1976, Madureira and 
Ramalhinho 1982, Ayanz 1994, Ventura et al. 1998, Landete-Castillejos et al. 2000). 
Niethammer (1982) also referred the presence of the species in sunflower fields. Although 
most studies on the ecology of this species have been, so far, largely descriptive (Ayanz 
1992, Ayanz 1994, Fernández-Salvador 1998), recent studies considered this vole as a 
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habitat specialist, strictly related to moistly tall perennial grassland communities with 
sedges and rushes (Pita et al. 2006a). However, a recent study by Santos et al. (2006) 
describing the composition of plant communities in colonies of this species in south 
Portugal, revealed that the Cabrera vole exploits a wide variety of grasslands, including 
ecologically disturbed ruderal and annual communities where perennial grasses are 
uncommon. 
 
2.4 Reproduction and social organization 
Few studies have considered the social organization of M. cabrerae (Fernández-
Salvador 2007) or its reproduction (Ventura et al. 1998, Fernández-Salvador et al. 2005). 
Voles live aggregated in discrete habitat patches, defined as colonies, where tunnels and 
droppings are easily found (Pita et al. 2006a). This colonial social behavior is 
characteristic of the species, and has been recorded from several different populations 
(Ayarzaguena et al. 1976, Fernández-Salvador 2007, Santos et al. 2007). 
Ventura et al. (1998) when studying a colony in Madrid (Spain) found out that 
approximately 40% of captured females in February, May and October were pregnant 
while the size of the testis revealed a decrease in sexual activity during the summer 
period. Fernández-Salvador et al. (2005) found out a very similar pattern suggesting that 
the reduction of the sexual activity is probably related with the high temperatures and 
extreme dryness typical of the summer months in Mediterranean climate areas.  
Usually litter sizes in the Cabrera vole range from 3 to 5 (mean=4.0) per female in 
experimental conditions (Fernández-Salvador et al. 2001), and from 3 to 7 (mean=4.9) in 
the wild (Ventura et al. 1998). Neonates are heavier (3.5 g on average) than in most 
Microtus species (Fernández-Salvador et al. 2001). Furthermore, when compared to other 
species, M. cabrerae has a long gestation period and the descendants remain in close 
contact with their parents (Fernández-Salvador et al. 2001). All of these reproductive 
characteristics suggest that Cabrera vole should be included among the K-strategist 
species (Nadeau 1985, Guédon et al. 1991, Fernández-Salvador et al. 2001). 
Some behavioral characteristics also suggest a monogamous mating system which is 
not very common among voles (Ostfeld 1990). Couples build a nest with grasses, usually 
placed close to shrubs or in a burrow (Fernández-Salvador 1998). Both parents seem to 
participate in the rearing of the pups, since males do not show aggressive behavior to 
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them and share the nest with the female and descendents all the time (Fernández-
Salvador et al. 2001). However, as far as we know, only two studies on the social behavior 
of the Cabrera vole have been published. The first one, by Fernández-Salvador (2007), 
states that adults occupy exclusive territories only overlapped by individuals of the 
opposite sex. Adult females associate with adult males in pairs, whose territories do not 
overlap with those from other pairs. Juveniles remain in their parents territories until 
dispersal to another colony. This author did not observe differences in the sizes of home 
ranges of females versus males. Another more recent study (Pita et al. 2010) reported 
similar findings: reduced variation in range size across sexes and seasons.  
In addition, the similar body size of both sexes (Ventura et al. 1998) and the equal sex-
ratio (Fernández-Salvador et al. 2005) are also in accordance with a monogamous 
behaviour.   
 
2.5 Trophic ecology 
So far, the single study on the diet of the Cabrera vole, based on the analysis of faecal 
pellets, revealed a predominance of monocotyledons, mainly perennial grasses, sedges and 
rushes (Soriguer and Amat 1988). Grasses were the most consumed plants, especially 
those of the genus Bromus, Poa, Vulpia, Briza and Avena. The second most important 
component of the Cabrera vole’s diet was sedges and rushes. Some insect fragments were 
also found, although in a very low percentage. Although these authors did not measure the 
specific plant availability within the patches inhabited by voles, they hypothesised that 
voles spent most of their time in these patches consuming the dominant plants. However, 
this study only reflected the diet of the Cabrera vole within a restricted area, raising the 
question if in other locations, or habitats, other plants could be more relevant as food 
items. Further, the analysis of faecal pellets tends to underestimate the dicotyledon 
species (Batzli and Pitelka 1983) and thus, these taxa can be more relevant food items 
than revealed by the existing results.  
 
2.6 Conservation status 
The Cabrera vole is an Iberian endemism considered Vulnerable both in Portugal and 
Spain (Blanco and Gonzalez 1992, Cabral et al. 2005); it is also listed in the European 
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Community Habitats Directive (92/43/EEC) and in the Annexe II of the Bern Convention 
(82/72/CEE). When a species is classified as Vulnerable it means that it is facing a high 
risk of extinction in the wild in the medium-term future, as defined by several criteria. In 
the case of the Cabrera vole, in Portugal, these criteria are: a continuous decline in 
numbers of mature individuals and sub-population; a severely fragmented distribution 
within the area of occurrence, estimated to be less than 2000 km2 (Cabral et al. 2005). In 
Spain, the same reasons lead to the same conservation status, namely a patchy distribution 
and population decline (Ventura et al. 1998, Landette-Castillejos et al. 2000, Fernández-
Salvador et al. 2005). 
The reduction and fragmentation of the distribution area of this species is mainly due 
to the changes in its natural habitat. Colonies are frequently associated with agricultural 
areas under intense human pressure (Fernández-Salvador 1998, Landete-Castillejos et al. 
2000, Pita et al. 2006a). Effectively, colonies of this species are, in most of its distribution 
range, confined to small patches inserted in a matrix of inhospitable habitat, making these 
populations in a metapopulation structure, more vulnerable to extinction (Pita et al. 
2006a, Pita et al. 2006b).  
In addition to the main threats faced by this species, there are some particular 
biological characteristics of the Cabrera vole that additionally may contribute to an 
increased vulnerability to extinction such as a very slow renewal rate of populations 
(typical of its life-history K-strategy; Fernández-Salvador et al. 2001), reducing the species 
ability to recover from stochastic events or even from natural fluctuations derived from 
climate shifts (Fernández-Salvador 2007). This can be enhanced by the presumably low 
dispersal capacity of this species. Although there are no studies focusing this particular 
issue in Cabrera voles, Microtus species are known for their reduced dispersion capacity, 
commonly less than 600m (Cranford et al. 1981, Boonstra et al. 1987, McGuire et al. 1993, 
Sutherland et al. 2000). 
 
3 Study area selection and location  
Most of the field work carried out under the scope of the present thesis was conducted 
in South Portugal (the exception is the study presented in Chapter II, which respects to all 
the country). The capture probability was one of the major criterions taken into account to 
choose this area – that it is known to have relatively high capture rates (Mathias et al. 
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2003, Santos et al. 2004) - once some of the main aims of the thesis required capturing 
animals. Another relevant criterion was the lack of sympatry with other voles in South 
Portugal, hence reducing the probability of confusing Cabrera vole signs with those of 
other voles such as the Field vole Microtus agrestis. 
Southern Portugal harbours one of the most important montado formations in 
Portugal (Natividade 1950, Correia and Nisa 1999, Santos-Reis and Correia 1999), 
characterised by the presence of a savannah-like open tree layer (Quercus rotundifolia and 
Q. suber), a shrub layer (Cistus ladanifer, C. salvifolius, C. populifolius, Lavandula luisieri and 
Erica arborea) periodically controlled by farmers, and a herbaceous layer comprised of 
either cultivated cereals or, more commonly, native vegetation dominated by annual 
species, which are used for cattle grazing (Pinto-Correia 1993, Díaz et al. 1997, Joffre et al. 
1999). Within this habitat, small moistly patches characteristic of the classes Molinio-
Arrhenateretea, Isoeto-Littorelletea and Isoeto-Nanojuncetea, dominated by perennial 
grasses (e.g. Agrostis castellana, Festuca ampla, Brachypodium phoenicoides and Phalaris 
caerulescens), rushes (Juncus spp.) and sedges (e.g. Carex flacca, Scirpus holoscoenus and 
Eleocharis palustris) are found (Rivas-Martínez et al. 2002). These patches correspond to 
the typical perennial grassland communities frequently occupied by colonies of the 
Cabrera vole (Figure 3) (Santos et al. 2006).  
 
 
Figure 3 – General aspect of the study area (Grândola, south Portugal) in July 2003. 
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Although this habitat is used for cattle grazing or cereal crops, it is managed in a 
traditional way, more compatible with natural ecosystems, when compared to other 
agricultural land uses. This habitat has unique characteristics which make it one of the 
most biodiverse habitats of Europe (Maranon et al. 1999, Quezel et al. 1999, Myers et al. 
2000). This highly diverse and well preserved habitat seems to be one of the communities 
more frequently occupied by the Cabrera vole (Madureira and Ramalhinho 1982, Ayanz 
1994, Ventura et al. 1998, Santos et al. 2006). 
 
4 General goals and structure of the thesis 
The main goal of this thesis was to increase the knowledge about the ecology and 
biology of the Cabrera vole, one of the less known rodents of Europe. It was also intended 
to evaluate the vulnerability of the species to some stochastic events as a way to 
contribute to a future conservation strategy for M. cabrerae in Portugal. Thus, the 
following objectives by chapter were defined:  
 
 Chapter II - To update the distribution range of the species in Portugal and to 
identify the variables related to this distribution; 
 Chapter III – To characterize the habitats in which colonies occur;  
 Chapter IV – To determine the demographic structure and spacing behavior in 
colonies;  
 Chapter V – To characterize some aspects of the species trophic ecology; 
 Chapter VI – To determine the vulnerability of the species to stochastic events; 
 Chapter VII – To discusse and integrate all the results obtained. 
 
Chapter II – National Distribution 
At the beginning of this thesis, only few locations of the Cabrera vole where known. 
Thus, a major effort was made to update the information on the species distribution, 
collecting owl pellets (Tyto alba). Although it was not possible to cover the entire country, 
these data allowed the modeling of the species distribution in places where it was not 
prospected. The logistic regression models computed made it possible to identify the 
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environmental macro-variables (e.g. climatic variables, altitude, type of soil) that regulate 
the species occurrence. This chapter has originated one paper: 
 
1. Environmental determinants of the distribution of the Cabrera vole (Microtus 
cabrerae) in Portugal: implications for conservation 
António Mira, Carla Marques, Sara M. Santos, Inês T. do Rosário & Maria da Luz Mathias. 
in Mammalian Biology 
 
Chapter III – Habitat Characterization 
Besides the macro-variables evaluated in the previous chapter, we also intended to 
assess which habitat variables were most relevant to the species occurrence both at a 
regional scale and at a micro-scale (colony level). At the regional scale a considerable 
effort was made to identify a high number of colonies in the southwest of Portugal. Several 
variables characterizing both habitat composition and structure were registered at each of 
these locations. This approach allowed assessing the most important areas for the species 
presence which is essential towards its conservation. 
As stated before, we also evaluated the main variables influencing the species 
occurrence at a colony level. Data on microhabitat preference was obtained in a sub-area 
of the region above referred. Several colonies were surveyed in the dry and wet seasons, 
and several variables defining microhabitat structure and composition were measured in 
each colony. By computing logistic regression models it was possible to identify the most 
relevant variables influencing the presence of voles in the colonies for each season. This 
chapter has originated two papers: 
2. Searching for high quality habitats for Cabrera vole at a regional scale: the 
importance of the montado 
Inês T. do Rosário, Paulo Cardoso & Maria da Luz Mathias. 
Submitted to Mammalia 
3. Microhabitat preference of the Cabrera vole in a Mediterranean cork oak 
woodland of southern Portugal 
Sara M. Santos, Inês T. do Rosário & Maria da Luz Mathias. 
in Vie et Milieu 
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Chapter IV – Demography and spacing behavior 
Very few studies have been made based on live captures of the Cabrera vole. These 
studies allow to access data that cannot be easily obtained from other methods, namely 
biometric data, demographic data or social and spacing parameters. In the present study 
trapping sampling was done on a monthly basis for one year, in four neighbouring 
colonies. We registered individual biometric data of voles, their location in the colonies 
and other relevant variables. Results allowed the estimation of the density, sex-ratio, 
recruitment, and as well as other demographic data, which had never been estimated for 
Portuguese colonies.  
It was also possible to determine distance between successive locations of voles, home 
ranges, core areas and overlap between them.  Some of the results were consistent with 
other studies. However differences between seasons were found for these parameters, 
which has never been detected before. This chapter has originated one paper: 
4. Demography and space use dynamics of a southwestern Portuguese 
population of the Cabrera vole (Microtus cabrerae) 
Manuscript  
 
Chapter V - Trophic ecology 
At the beginning of this thesis, there was only a single published study on the diet of 
the Cabrera vole, which revealed dominance by monocotyledons, mainly perennial 
grasses, sedges and rushes. Our major aim during the present study was to test the 
palatability of 21 plant species occurring within or outside typical perennial grassland 
colonies in order to assess vole’s food preferences, but also to determine if there is a 
relationship between diet selection and the typical grassland plant communities. The 
preference of voles for annual species, occurring more abundantly outside the colonies, 
was also tested. This allowed the discussion about the choice of the colonies location in the 
view of the plants palatability for this vole. This chapter has originated one paper: 
5. Is habitat selection by the Cabrera vole (Microtus cabrerae) related to food 
preferences? 
Inês T. do Rosário, Paulo Cardoso & Maria da Luz Mathias. 
In Mammalian Biology 
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Chapter VI -Vulnerability to stochastic events 
Although, the regular burning is very frequent in areas inhabited by the Cabrera vole, 
the impact of fire on this species was unknown. Post-wildfire re-colonisation by the 
Cabrera vole was analysed for the first time in this study. Colonies were monitored over 
one year after a wildfire and the most relevant ecological features in their reestablishment 
were identified. Variables related to the vegetation structure and composition in the 
colonies, but also other related to fire intensity or distance to unburned areas, were 
monitored. Recolonised places were identified as well as the time for recolonisation. The 
analyses performed allowed to identify the characteristics that mostly contributed for this 
process. Given the rising number of fires in the last years in Portugal, the capacity of M. 
cabrerae to re-establish after these events is discussed. This chapter has originated one 
paper: 
6. Post-fire recolonisation of a montado area by the endangered Cabrera vole 
(Microtus cabrerae) 
Inês T. do Rosário & Maria da Luz Mathias.  
In International Journal of Wildland Fire 
 
Chapter VII - Discussion 
The main findings of the present study are here analysed. Except for the Introduction 
and the Discussion chapters, the results presented in the remaining chapters have been 
accepted (four papers), or submitted for publication (one paper) in international peer-
reviewed journals, or are in preparation (one paper) . Thus formatting of these papers 
may show slightly differences from the originals in order to obtain a more uniform format 
for the thesis. 
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Abstract  
The main aim of this study was to update the distribution of the Cabrera vole 
(Microtus cabrerae) in Portugal in order to determine regions of suitable environmental 
conditions and to assess potential occurrence areas, as a first step towards a conservation 
strategy for the species. Data on the distribution of the species was derived from Barn owl 
pellet samples. Climatic, topographic and soil descriptors were selected and logistic 
regression was used to model the species distribution. The effort in data collection 
resulted in the enlargement of the previously known distribution of Microtus cabrerae. 
Two logistic models were developed, one environmental and one autologistic, integrating 
variation due spatial autocorrelation. Results showed that the species is more likely to 
occur over the most central region of Portugal, extending its range to the north-eastern 
side and to the southwest. The preferred areas of occurrence are characterized by medium 
rainfall values (between 600 and 1200 mm), low to medium humidity values (lower than 
85 %) and acid to neutral soils (pH between 3 and 7). Species probability of occurrence is 
discussed in terms of paleontological data and geographical barriers. Potential 
distribution maps suggest a fragmentation of the overall national population and allowed 
the identification of three major areas of high probability of occurrence: northeast, centre 
and southwest. As most of these areas are outside Classified Areas Network, models 
obtained may be regarded as valuable tools in conservation planning.  
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Zusammenfassung 
Determinierende Umweltparameter für die Ausbreitung der Cabreramaus (Microtus 
Cabrerae): Implikationen für seine Erhaltung. 
Hauptziel dieser Studie war es, die Ausbreitung der Cabreramaus (Microtus cabrerae) 
in Portugal zu aktualisieren, um Gebiete mit fördernden Umweltbedingungen und Flächen 
mit Vorkommenspotential zu bestimmen, als einen ersten Schritt in einer Strategie zur 
Erhaltung der Spezies. Die Daten über die Ausbreitung der Spezies erhielten wir über 
Gewölleproben von Turmeulen. Es wurden Merkmale ausgewählt, bezogen auf Klima, 
Topografie und Boden und eine logistische Regression angewandt, um die Ausbreitung der 
Spezies zu modellieren. Die Anstrengung bei der Datensammlung ergab sich aus der 
Erweiterung des ehemals angenommenen Ausbreitungsgebietes. Man entwickelte zwei 
logistische Modelle, das eine autologistisch, das andere ohne räumliche Autokorrelation. 
Die Ergebnisse zeigen, die Spezies kommt bevorzugt im mehr zentralen Gebiet Portugals 
vor, sich nach Nordosten und Südwesten ausbreitend. Die bevorzugten 
Vorkommensgebiete zeigen niedrige Niederschlagswerte (zwischen 600 und 1200mm), 
mittlere bis niedrige relative Feuchtigkeit übers Jahr (unter 85%) und saurer bis neutraler 
Boden (pH zwischen 3 und 7). Die ermittelten Wahrscheinlichkeitswerte für das 
Vorkommen der Spezies werden in ihrem Bezug zu paläontologischen Daten und 
geographischen Barrieren diskutiert. Die Karten über die potenzielle Verbreitung legen 
eine Fragmentierung der globalen nationalen Population nahe und erlauben die 
Kennzeichnung von drei Hauptgebieten mit einer  Wahrscheinlichkeit von hohem 
Vorkommen: Nordosten, Zentrum und Südwesten. Da die Mehrheit dieser Flächen sich 
außerhalb der Grenzen des Klassifizierten Flächennetzes befindet, können die erhaltenen 








 National Distribution – Chapter II  
 
27 | P a g e  
 
Introduction 
The Cabrera vole (Microtus cabrerae Thomas, 1906) is a medium-sized microtine 
species (adult body mass 40-60 g) considered “Vulnerable” in Portugal (Cabral et al. 2005) 
and Spain (Blanco and González 1992; Palomo and Gisbert 2002), also listed in the 
Annexes II and IV of the EC Habitats Directive (92/43/EEC). It is a rodent endemic to the 
Iberian Peninsula (Madureira and Ramalhinho 1982), with a present known distribution 
area ranging from central and southern Portugal to the Iberian Prepyrenees through 
central and south-eastern Spain (Madureira 1979; Niethammer 1982; Madureira and 
Ramalhinho 1982). However, the geographical distribution of the species is very patchy 
and poorly documented resulting mainly from old studies and single observations (Storch 
and Uerpmann 1969; Niethammer 1970; Ayarzaguena and Lopez-Martinez 1976; 
Madureira 1979; Madureira and Ramalhinho 1982; Ventura et al. 1998; Cruz et al. 2002).  
Voles occur mainly at medium altitudes, in brushwood near small streams, in 
riverside sedge/rush areas or in tall-grass fields, frequently associated with oakwoods 
(Niethammer et al. 1964; Ayarzaguena and Lopez-Martinez 1976; Madureira and 
Ramalhinho 1982; Ayanz 1992; Pita et al. 2006; Santos et al. 2006). In these habitats 
colonies often occupy very reduced areas, ca. 250m2 (Ayarzaguena et al. 1976; Fernández-
Salvador 1998) and may face severe environmental stresses resulting from agricultural 
practices, grazing, and scrub and cork removal. In fact, specific microhabitat requirements 
and changes in landscape use have been considered as the major determinants for 
populations decline (Fernández-Salvador 1998; Landete-Castillejos et al. 2000). However, 
the real impact of such land manipulations on Cabrera’s vole populations is still unknown.  
Updated species distribution and predictive maps are of prime interest in biological 
conservation by their usefulness in defining species status or in pointing out areas of 
particular interest (Cowley et al. 2000). This is particularly important for declining 
populations since monitoring national changes through field surveys cannot realistically 
keep pace with the rate of agriculture and infrastructure development (Osborne et al. 
2001).  
This study was intended to: i) update the geographical distribution of M. cabrerae in 
Portugal, ii) produce a map of the potential distribution that take into consideration even 
those areas where no field data were gathered; and iii) relate the presence of the species 
to a set of environmental variables. Such basic knowledge is essential for the development 
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of more fine-grained analysis of the features determining vole’s presence at a microhabitat 
level and may be regarded as a first step towards a national conservation strategy for the 
species. 
 
Material and Methods 
Samples and sampling 
Data on vole’s distribution were collected from Barn owl (Tyto alba) pellet analysis 
and mapped on a UTM 10 x 10 Km grid square covering all the mainland Portugal (ca. 90 
000 Km2). The minimum number of pellets per sample (collecting site) to define a true 
absence of Cabrera’s vole at 5% significance level was estimated from a Poisson 
distribution where the mean represents the average proportion of Cabrera’s skulls in all 
the samples collected (Green and Young 1993). The result of this analysis has shown that 
the minimum sample size at each square should be 55 pellets. In addition, on the basis of 
the mean number of mammal prey per pellet (n=2.62) we estimated that only samples 
including more than 144 mammal prey (2.62 x 55) could consistently confirm the absence 
of the Cabrera vole. So, the absence of the species in a given square grid can only be taken 
as granted if samples with at least 56 pellets or 145 mammal prey were considered. After 
this selection, we retained for further analysis 100 owl pellet samples distributed all over 
the country, in which the Cabrera vole is present in 40 and absent in 60. 
 
Environmental descriptors 
Ten ecologically meaningful environmental variables related to climate, topography 
and soil characteristics were selected for analysis (Table 1). Digital information on these 
variables was obtained from Instituto do Ambiente (IA 1995) and superimposed over a 
UTM 10 X 10 Km grid square layer in a Geographical Information System (ESRI 1999). To 
each UTM square, the mean of each variable, or modal value for categorical descriptors, 
was obtained. 
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Table 1. Environmental variables used in each UTM cell (designation codes, meaning and description, 
range of values observed and transformations performed). 
Variable Code Description Values Transformation 
Altitude (m) ALT Distance from sea level 34 – 1156 ALT+ (ALT)2 
Temperature (ºC) TEMP Mean daily temperature 5.5 – 18.2 TEMP + (TEMP)2 
Rainfall (mm) RAIN Total rainfall per year 419 – 2594 RAIN + (RAIN)2 
Humidity (%)  HUM Relative humidity at 9.00 
GMT 
32.5 – 92.5 HUM2 
Evapotranspiration (mm) EVAP Total amount of water 
returned to atmosphere 
200 – 961 EVAP + (EVAP)2 
Insolation (h) INS Number of hours of sun 
per year 
2040 – 3150 INS + (INS)2 
pH of soils pH pH of water in soil 4.35 – 7.93 PH + (PH)2 
Water runoff (mm) WRUN Total amount of water in 
hydrographic net 
368 – 1552 WRUN + (WRUN)2 
Frost (days) FROST Number of days with 
frost per year 
0.5 – 84 FROST + (FROST)2 
Soil SOIL Type of soil 1-Cambisol  
   2-Litosol  
   3-Luvisol  
   4- other  
   5- Podzol  
 
Data analysis 
We used binary logistic regression to model the distribution of the Cabrera vole in 
Portugal. Vole’s presence or absence in each grid square was used as the dependent 
variable in logistic regression, with environmental descriptors as the independent 
variables. Model-building strategy followed the main steps proposed by Hosmer and 
Lemeshow ( 2000) although sometimes in a different order, using SPSS 10.0 software 
(SPSS 1999). 
None of the covariates presented linear relationship with the logit. As most variables 
showed a more or less pronounced unimodal relationship response, they were 
transformed by adding a square term (X + X2), which allows for this kind of non-
   
National Distribution – Chapter II 
 
30 | P a g e  
 
monotonic responses (Bustamante 1997). We called these transformed variables 
composite covariates. 
Only variables (single or composite) for which Wald test for coefficients of univariate 
regressions was significant at 0.25 level were retained for further multivariate analysis 
(Hosmer and Lemeshow 2000). Multicollinearity among covariates was evaluated on the 
basis of Spearman correlation coefficient between each pair of variables. At associations 
with rs > 0.7 (Tabachnick and Fidell 2001) only the covariates that had more biological 
meaning and less correlation with the others were selected. 
We developed two multivariate models, one including only environmental variables, 
hereafter called environmental model; and another including a term that gives the 
response at one location as a function of the responses at other sites (Augustin et al. 
1998), thereby taking into account the possible spatial autocorrelation of the dependent 
variable values, hereafter called autologistc model. A weighted mean (WMEAN) of the 
inverse of the quadrate of the distance of each cell center to each UTM sampled square 
was used as autocovariate (AUTOCOV). 
The autologistic model was created through a manually forward stepwise procedure. 
We began with the most significant covariate and proceeded adding blocks of a single or 
composite variable with increasing significance levels. Blocks statistically significant 
(P<0.10) were retained in the model. We proceeded checking for all possible interactions 
among the environmental variables in the full model. Each interaction variable was added, 
one at a time, to assess its significance (P<0.10) with the likelihood-ratio test. 
The overall significance of the coefficients of the final model was evaluated through 
the likelihood-ratio test. To evaluate the goodness-of-fit we used the area under the ROC 
curve as a measure of the model’s ability to discriminate between presences and absences 
(Osborne et al. 2001). We also looked at the overall rate of correct classification and the 
proportion of presences (sensitivity) and absences (specificity) correctly classified, using 
the proportion of presences (0.4) as cut point.  
For model validation a Jackknife procedure was followed: 100 new models were 
computed, each with the exclusion of one different case at a time. A classification table 
crossing observed group membership with the predicted ones was used to compute the 
phi 4-point correlation and to test the association between observed and predicted values 
(Osborne and Tigar 1992). 
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After obtaining a significant main effects model to explain the presence of the species, 
probabilities of occurrence were calculated for each of the 999 UTM cells covering the 
whole country using a GIS – Arcview 3.2 (ESRI 1999). 
To observe the unique effect of environmental variables upon the Cabrera vole 
distribution, without spatial dependence of the results, a model with the same descriptors, 
excluding the autologistic term (AUTOCOV) was developed. 
 
Results 
Figure 1 shows the updated distribution map of Microtus cabrerae in Portugal, based 
on the 100 pellet samples here analysed. The presence of the species was recorded for the 
first time in the north-eastern and south-western most regions of the country, but no 
records of presence were obtained in the northwest and in the southeast regions.  
All the continuous covariates had a unimodal relationship with the logit and were 
transformed accordingly (X+X2) (Table 1), except for humidity (HUM) that had a quadratic 
relationship.  
 
   
National Distribution – Chapter II 
 
32 | P a g e  
 
 
Figure 1. Presence/Absence of Microtus cabrerae in the sampled sites and localization of Lisbon and 
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All variables, including the autocovariate, were significant at the univariate 
regressions, except altitude (ALT) and frost (FROST), while water runoff (WRUN), 
evapotranspiration (EVAP) and insolation (INS) were excluded at the multicollinearity 
tests (they presented a significant association with RAIN).  
Table 2 shows the logistic coefficients and Wald tests for the main effects autologistic 
model. The model is highly significant (G-test = 73.422, df=6, P<0.001) and Negelkerke R2 
reveals that about 62% of the variation in the outcome variable (presence/absence of M. 
cabrerae) was explained by the main effects model. The classification table for the 
response variable presents a correct classification for 83% of cases (87.5% of presences 
and 80% of absences). The area under the ROC curve is 0.899 (P<0.001). The Jackknife 
validation procedure confirmed that the model performed well and can be used to 
predicted species presence outside the sampled area (=0.604, P<0.001).  
 
Table 2. Main effects logistic regression coefficients (), coefficients standard error (S.E.()), the Wald 
test  and its significance level for the autologistic model (see table 1 for abbreviations). 
Variable  S.E.() Wald df P 
Constant -43.488 31.131 1.951 1 0.162 
AUTOCOV 4.110 1.299 10.014 1 0.002 
RAIN 0.042 0.025 2.729 1 0.082 
(RAIN/10)2 -0.3 0.172 3.016 1 0.082 
(HUM/10)2 -0.054 0.041 1.778 1 0.182 
PH 11.067 9.555 1.342 1 0.247 
(PH)2 -0.996 0.812 1.507 1 0.220 
 
The logistic coefficients and results of Wald tests for the environmental model are 
presented in table 3.  
 
Table 3. Main effects logistic regression coefficients (), coefficients standard error (S.E.()), the Wald 
test and its significance level for the environmental logistic (see table 1 for abbreviations). 
Variable  S.E. () Wald df P 
Constant -55.616 33.204 2.806 1 0.094 
RAIN 0.072 0.028 6.429 1 0.011 
(RAIN/10)2 -0.507 0.200 6.399 1 0.011 
(HUM/10)2 -0.051 0.036 2.044 1 0.153 
PH 13.041 10.518 1.537 1 0.215 
(PH)2 -1.228 0.902 1.855 1 0.173 
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The coefficients of all variables present the same sign and are of the same order of 
magnitude of the autologistic model. The model is also highly significant (G-test = 85.181, 
df=5, P<0.001) and explains an important amount in the variation of the outcome variable 
(Negelkerke R2=0.527). The proportion of cases correctly classified is lower when 
compared to the autologistic model (79% of overall classification, 87.5% of presences and 
73.3% of absences) The area under the ROC curve for this model is 0.863 (P<0.001) which 
suggests that the model is well fitted. The validation results confirm that this model clearly 
discriminates UTM squares with and without Cabrera voles (=0.527, P<0.001). 
Both models (autologistic and environmental) were used to predict probabilities of 
occurrence of M. cabrerae in Portugal (Fig. 2 and 3).  The areas of highest probability of 
occurrence correspond to the northeast, centre and southwest regions of the country. 
However, the distribution area predicted by the model without autocorrelation is broader, 
including also high probabilities of occurrence in south-central Portugal and in a wide 
region in the south. Rainfall, humidity and soil pH were the environmental variables 
selected for the multivariate models. Areas suitable for the Cabrera vole can be 
characterised by total annual rainfall values between 600 and 1200 mm, acid to neutral 
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Figure 2. Probability of occurrence of Microtus cabrerae in Portugal according the autologistic model 
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Figure 3. Probability of occurrence of Microtus cabrerae in Portugal according the model model without 
autocorrelation term. 
 National Distribution – Chapter II  
 
37 | P a g e  
 
Discussion 
The effort in data collection resulted in the enlargement of the previously known 
distribution of M. cabrerae in Portugal (Mathias 1999). Cabrera vole is distributed over the 
central most region of the country, extending its range to new areas in the southwest and 
to the north-eastern region, much farther from the previous known northern and southern 
limits. This range enlargement should not be mistaken with a recent expansion of the 
species, resulting otherwise from a lack of extensive sampling in the past. Although new 
colonies are still frequently being registered, the present overall distribution of M. 
cabrerae in Portugal is narrower than in the past. Paleontological data showed that the 
past distribution included also several other locations near the North Atlantic coast of 
Portugal (Niethammer 1970). It was observed, as previously referred by Cabrera-Millet et 
al. ( 1982) for Spain, that, in Portugal, the species does not occur in areas of arid 
Mediterranean type climate (represented by the southeastern most region of the country) 
The Cabrera vole is also absent from areas with typical temperate oceanic bioclimes of the 
north-western region of Portugal.  
The species distribution corresponds to areas of sub humid climate included in the 
thermomediterranean and mesomediterranean bioclimatic zones (Rivas-Martínez 1981). 
In these areas the Cabrera vole lives in open habitats with formations of perennial grasses 
and with herbaceous vegetation that remains green over the year (Santos et al. 2005; 
Santos et al. 2006). These habitats are usually exposed to periods of intermittent flooding 
(Devillers et al. 1999), and are consequently dependent of specific conditions of humidity 
and rainfall. Although apparently the Cabrera vole had shown no preference for a specific 
type of soil (Ayanz 1992), in Portugal, the species is mainly present in regions of siliceous 
soils where pH is lower and, until the present time, no records of presence in calcareous 
soils are known. Results of the present study confirmed that precipitation, humidity and 
pH of soils are the major explicative variables determining the occurrence of the species.  
The main areas where the Cabrera vole was recorded are included in the potential 
distribution areas predicted by both models. However, the environmental model, suggests 
two areas of suitable habitats corresponding to the central Atlantic coast (Caldas da 
Rainha) and to the southern main mountain system (Algarve; Fig. 1), where the species 
seems not to occur at the present time. Sub-fossil findings confirmed that the species has 
occurred in the Atlantic coast of Portugal (Niethammer 1982) but, on the contrary, no past 
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records of the presence of the species were given to the south of the country. 
Paleontological data suggest that a retraction of the distribution area of Microtus cabrerae 
in Iberian Peninsula may have occurred during the Bronze Age mainly constrained by 
climatic factors (Cabrera-Millet et al. 1982) and, probably also the human pressure upon 
inhabited habitats. Several changes on the Mediterranean vegetation occurred during 
Holocene as a result of six aridification phases, which have been enhanced by human 
activity in the late Holocene (Jalut et al. 2000). Under these conditions, many small 
populations, which required habitats with high levels of humidity, like the Cabrera vole 
(Santos et al. 2005), that became isolated would have a minor chance of survival. This may 
explain the retraction in the coastal Atlantic region. In what concerns the south region, 
there are no previous records of the presence of the species in the area.  
Both logistic regression models proved to be helpful to describe the present 
distribution of the Cabrera vole and to formulate hypothesis that may explain its absence 
in areas of high probability of occurrence, but the autologistic model seemed to be more 
precise and consistent with species known presences. The autologistic map of 
probabilities roughly identifies three major areas (northeast, centre and southwest) of 
high probability of occurrence, surrounded by others of lower probability. The existence 
of lower probability areas of occurrence connecting higher ones suggests a fragmentation 
of the overall population as previously documented in Spain (Palomo and Gisbert 2002). 
Fragmentation combined with low population density and habitat specialization leads to 
species being highly vulnerable to stochastic extinction (e.g. Soulé 1987) with increasing 
risks to all sedentary species (Morris 1993), such as the Cabrera vole. Barn owl pellets 
data, where the relative abundance of the species was, in general, less than 1%, seem to 
confirm low population densities. Habitat specialization has also been documented either 
at a macrohabitat level, controlled by climatic constraints (this study), or at a microhabitat 
level, as revealed in different studies in Portugal and Spain (Fernández-Salvador 1998; 
Santos et al. 2005; Pita et al. 2006; Santos et al. 2006). 
Areas of higher probability of occurrence and most of the confirmed presences are 
outside the National Protected Areas Network and only a few significant areas in the south 
and central-east are included Nature 2000 Network as Special Areas of Conservation 
(SAC). So, a large proportion of areas identified as potentially important for the occurrence 
of the Cabrera vole lack any kind of legal protection. As so, conservation actions aiming to 
maintain or restore favourable conditions for the species are even more difficult to 
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implement. Several human related activities that are responsible for the species decline, 
such as grazing and agriculture intensification, are now growing rapidly in large areas of 
the species range (Pita et al. 2006; Santos et al. 2006). In order to prevent the regression 
of distribution area of the Cabrera vole, as it happened in the past, a national conservation 
strategy for the species is urgently needed which may consider, as a first measure, the 
enlargement of the SACs with the inclusion of the new presence areas here identified. 
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Abstract 
The Cabrera vole is a threatened rodent that has been considered to have very 
particular habitat demands both at national and colony scales in Portugal. However, habitat 
selection by this species had never been studied at a regional scale, despite the importance 
of such information in the definition of conservation plans. In order to overcome this lack of 
knowledge we studied the habitat selection of the Cabrera vole in an area of more than 490 
km2 located in southern Portugal, in which we detected 88 colonies. A global habitat quality 
model, marginality and specialization values were calculated with ENFA (Ecological Niche 
Factor Analysis). A good adjustment to the data was obtained and marginality and 
specialization values indicated that this vole is not very specialized at the regional scale. The 
habitat quality model also revealed the importance of the montado to the Cabrera vole. The 
protection of this habitat and the maintenance of the traditional management practices are 
needed to conserve the south Portuguese populations of the Cabrera vole. 
 
Keywords: ENFA; Habitat selection; Microtus cabrerae; Montado; Specialization. 
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Introduction 
The Cabrera vole is an Iberian endemism, considered Vulnerable both in Portugal and 
Spain (Cabral et al. 2005; Palomo and Gisbert 2002), also listed in the Annexes II and IV of 
the EC Habitats Directive (92/43/EEC). Habitat specialization in this species has been 
documented either at a large scale, controlled by climatic constraints (Mira et al. 2008), or 
at a local scale, as revealed in different studies in Portugal and Spain (Fernández-Salvador 
1998; Pita et al. 2006a; Santos et al. 2005; Santos et al. 2006). 
At a local level, this vole preferentially occupies a very characteristic habitat, dominated 
by tall perennial grasses that remain green even in the dry season (Ayanz 1992; Pita et al. 
2006b; Santos et al. 2005), which corresponds to particularly moistly areas, frequently quite 
small (Ayanz 1992; Santos et al., 2007). A recent study in southern Portugal revealed that 
vole colonies are often related with graminea and other perennial monocotyledon species 
(Santos et al. 2006). However, other studies, also in this region, revealed considerable 
habitat heterogeneity in occupied areas, particularly in areas where agriculture prevails 
(some colonies were found in field margins, ditches or road verges; Pita et al. 2006b; Santos 
et al. 2007). These findings showed that at the local scale this species occupies a more wide 
ecological range than previously suspected (Rosário et al. 2008).  
At a larger scale, this vole occupies areas characterized by medium rainfall values 
(between 600 and 1200 mm), low to medium humidity values (lower than 85 %) and acid 
to neutral soils (pH between 3 and 7) (Mira et al. 2008), which correspond to areas of sub 
humid climate included in the thermomediterranean and mesomediterranean bioclimatic 
zones (Rivas-Martínez 1999). On the basis of these environmental determinants, the south-
western most region of Portugal was elected as one of the most suitable for the voles 
presence (Mira et al. 2008). In effect, several colonies were found in this region (Mira et al. 
2008; Pita et al. 2006a,b; Rosário and Mathias 2007; Santos et al. 2005; Santos et al. 2006).  
Despite the relatively good knowledge on the specie’s requirements at both large and 
local scales, virtually none is known about the habitat selection of the Cabrera vole at a 
regional scale. Consequently, there is a great difficulty in the definition of conservation 
measures for the species, since most of the management and planning tools are precisely 
defined at this scale. This lack of information is most probably related with the difficulty in 
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obtaining valid data on the presence/absence of voles, in which most of the multivariate 
spatially explicit models rely on. 
These data are frequently not easy to obtain accurately, since real absences are often 
difficult to confirm (Kéry 2000; McArdle 1990; Solow 1993). Difficulty is particularly 
relevant considering its fragmented distribution and metapopulational structure 
throughout the species distribution range (Pita et al. 2006b). 
To overcome this fact, the Ecological Niche Factor Analysis (ENFA) was used in this 
study to modulate the potential distribution of the Cabrera vole at a regional scale. ENFA 
computes suitability functions by comparing the species distribution in the space of 
ecogeographical variables (EGV) with that of the whole set of cells (Hirzel et al. 2002). This 
method, along with the use of GIS tools and variables collected for wide areas, such as 
satellite images, elevation or landscape variables, allows modulating species presence 
without confirmation of absences. It also computes parameters that indicate the degree of 
specialization and marginality of the species for a given area (Hirzel et al. 2001). Therefore, 
the main goals of this study were: (1) to quantify the level of specialization of the Cabrera 
vole at a regional scale; (2) to analyse the habitat requirements of the Cabrera vole in 
southwest Portugal (an area known as one of the most important for the species throughout 
its distribution range); (3) to establish a detailed distribution map for the Cabrera vole in 
southwest Portugal, as a tool for the management and action plans for its conservation. 
 
Materials and Methods 
Study area 
The study was carried out over an area of 490.6 km2 in the southwest of Portugal, 
mostly covered by montado (Figure 1). This habitat is characterised by the presence of a 
savannah-like open tree layer (Quercus ilex and Q. suber), a shrub layer (Cistus ladanifer, C. 
salvifolius, C. populifolius, Lavandula luisieri and Erica arborea) and a herbaceous layer 
comprised of either cultivated cereals or, more commonly, native vegetation dominated by 
annual species, which are used for cattle grazing (Díaz et al. 1997; Joffre et al. 1999; Pinto-
Correia 1993). Production forests of eucalyptus (Eucaliptus globulus) and pines (Pinus 
pinaster) and croplands (cereal, rise) are also present (Rosário and Mathias 2007).  
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It is in this matrix, in particular smooth slopes, grasses such as Agrostis castellana, 
Festuca ampla and Brachypodium phoenicoides are common. Other companion species of the 
fitossociological class Agrostion castellanae such as Gaudinia fragilis, Holcus lanatus, H. 
anuus and other monocotyledons such as Scirpus holoscoenos, Juncus capitatus or Juncus 
acutus are also present. These areas constitute the preferential habitat of the Cabrera vole 
at a more local scale, not only in southwest Portugal, but generally in all Iberian Peninsula 
wherever the soil is siliceous (Ayanz 1992). 
 
 
Figure 1 - Study area location and distribution of the Cabrera vole 
 
Voles data 
A systematic approach was used to collect vole’s data, which is the best approach for 
habitat quality models accordingly to Hirzel and Guisan (2002). A 1x1km  grid (Datum 
Euro50; projection UTM - Fuse 29N) was superimposed over study area and a 2 km transect 
was selected in every fifth square. Each transect was travelled by car at a maximum speed of 
30 km in search of colonies of the Cabrera vole. Each time the adequate local habitat was 
found a search for signs of vole’s presence was performed on foot. The whole favourable 
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area was carefully prospected and each time that all the characteristic signs (tunnels, 
nibbled grasses and latrines) were found a GPS fix was taken and it was considered that a 
colony was present (Ayanz 1992; Delattre et al. 1996; Fernández-Salvador, 1998; Lambin et 
al.; 2000).  
 
Ecogeographical data 
Thirteen ecogeographical variables (EGV) were used in the ENFA analysis (table1).  
Table 1 – Ecogeographical variables used to built the Habitat Quality model (HSI) 
Variable Variable Description Unit 
Habitat variables 
Forest Pines, Eucalyptus and mixed forest continuous (0-100%) 
Shrubs Shrublands dominated by Cistus spp. continuous (0-100%) 
Montado Montado with shrubs continuous (0-100%) 
Montado + cereal Montado with dry cereal crops continuous (0-100%) 
Wet croplands Rice plantations and other wet cultures continuous (0-100%) 
Dry croplands Dry cereal crops and grazing lands continuous (0-100%) 
Humanized Humanized areas continuous (0-100%) 
Habitat  diversity Number of habitat classes within a ray of 5 pixels Ordinal (1-9) 
Satellite image variables 
NDVI Normalized Difference Vegetation Index Ordinal (2-255) 
PCA1 First component of a PCA based on 6 satellite bands Ordinal (2-255) 
PCA2 Second component   of a PCA based on 6 satellite bands Ordinal (5-255) 
Altimetry variables 
Sd-DTM Standard deviation of altitude measured within 5 pixels continuous (0-40,8) 
DTM-convexity Terrain convexity index  continuous (-47-51) 
 
Habitat variables were obtained from the National Service of Geographical Information 
(SNIG) and converted to 25 m pixel maps. Each map stands for a different habitat type 
(montado, shrubs, etc) which is represented in each cell by a value of zero (absence) or one 
(presence). These maps were also used to build a habitat diversity map in which each cell 
corresponded to the number of different habitat classes within a five pixel distance. 
A digital terrain model (DTM), also with 25 m resolution, was obtained from 10 m 
distance altimetry data digitized from military maps. Altimetry was further used to build 
two more maps: one measuring standard deviation within five pixels; and another 
representing terrain convexity.   
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Bands 1, 2, 3, 4, 5 and 7 of a satellite image (Landsat 7 Enhanced Thematic Mapper Plus, 
May 2003, Global Land Cover Facility - 
http://glcfapp.umiacs.umd.edu:8080/esdi/index.jsp), were also used. These bands were 
rectified to the Portuguese military coordinate system (Datum de Lisboa; projection 
Hayford-Gauss) with an error (RMS) of 13 m (0.53 pixel) and changing the dimension of the 
pixel to 25 m. A Principal Component Analysis (PCA) was performed on the satellite bands 
and the first two components were considered as EGV for the ENFA analysis. A Normalized 
Difference Vegetation Index (NDVI) was calculated with the red and near infra-red bands 
from the satellite image while resampling to a resolution of 25 m pixel.  
All variables were processed in Arcview 3.3 (ESRI Inc.) and IDRISI (Eastman 1997).   
 
Data analyses 
Calibration and validation samples 
The vole’s presence database was converted to a raster map at the same resolution as 
EGV maps. This raster map was then randomly portioned into two data sets: calibration set 
and validation set, both with 44 presence cells. 
 
Ecological Niche Factor Analysis (ENFA) 
The software Biomapper 3.1 (Hirzel et al. 2004) was used to perform the ENFA analysis. 
In this analysis environmental variables were transformed into independent and non 
correlated orthogonal axes in which the first axe maximizes Marginality (M) of the species 
and the following axes were chosen as to maximize specialization (S). A high value of M 
(close to one) means that the species lives in a very particular kind of habitat relative to the 
reference set. Similarly, a high value of S means that the species is highly specialized (Engler 
et al. 2004). The software also calculated a Tolerance value (1-S) (Hirzel et al. 2001). 
Biomapper retains the most significant factors accordingly to the broken-stick rule. A 
combination of the scores of these selected factors is used to compute an habitat suitability 
map (for details see Hirzel et al. 2004). 
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The global habitat quality model obtained was reclassified in four classes: highly 
unfavorable (0-24); unfavorable (25 – 49); favorable (50 – 74) and highly favorable (75 – 
100). Finally, this final map was superimposed to the habitat cartography in order to obtain 
a cross table of these two maps.  
 
Validation of the model 
The validation of the model was achieved by three different methods. First, Jack-knife 
cross-validation (Boyce et al. 2002; Fielding and Bell 1997), implemented in Biomapper 3.1 
(Hirzel et al. 2004), was used. The validation sample was split in k independent sub-samples 
by the Hulbert rule (Hirzel et al. 2002), using k-1 of them to calibrate the model and 
computing the evaluator on the left-out partition. This procedure is repeated k times, each 
time leaving another partition. The efficiency of classification is made by comparing the 
final HSI model to the frequency (fi) of validation points in each class of HSI values. A fi 
value below 1 for small HSI values and above 1 for high HSI values corresponds to a good 
adjustment of the model (Boyce et al. 2002). 
The second method used was the validation with the Wilcox rank test, in which the 
distribution of HSI values from the validation sample is compared with the distribution 
values of a random sample (N=44) from the whole study area. This process was repeated 10 
000 times resulting on the distribution of p-values and the percentage of p-values inferior to 
0.05.  
Finally, the model was also validated by comparing HSI values higher than 50 in the 
validation sample to the same parameter obtained for 10000 random samples (N=44). 
Significance value is obtained by the proportion of values obtained in the random samples 
that are superior to the values observed in the validation sample. 
All analyses were preformed in the software R (R Development Core Team 2008). 
 
Results 
Specialization and habitat selection at the regional scale 
A total of 88 colonies of the Cabrera vole were detected in 23 of the 25 prospected UTM 
1x1 km grid squares and in most of them more than one colony was detected. 
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The habitat quality model, applied to the calibration set, provided an overall 
Marginality value of 0.34 and a Tolerance value of 0.44. According to these values and 
considering the variables range for this area, the Cabrera vole is not very selective, although 
it is scarcely tolerant to variations in these parameters. 
The six factors retained by the broken-stick rule explained 93.2% of variance and 
86.4% of specialization of M. cabrerae. Marginality coefficients (table 2) showed that the 
Cabrera vole is mainly linked to montado, high quantity of biomass photosynthetically 
active (NDVI) and to the second component of the PCA. By contrast, voles tend to avoid 
forests and wet croplands. Voles also tend to prefer areas with smooth slopes, as indicated 
by a negative correlation with the SD of the altitude (Table 2). 
A 246 km2 area is occupied by montado making this habitat the largest class 
represented in the study area. This is also the habitat with the highest percentage of 
favourable area (Figure 2); approximately half of it is suitable for voles (125 km2). Montado 
with cereal croplands is the habitat that follows with the highest percentage of favourable 
area (40%), although its extension is only 32 km2. Dry croplands occupy 117 km2 in the 
study area with 14 km2 favourable to the presence of the Cabrera vole. 
 
Table 2. Variance explained by the first three ecological factors and coefficient values for the 13 initial 
variables. EGV’s are sorted by decreasing absolute values of coefficients on the marginality factor. Positive 
values on this factor mean that the Cabrera vole prefers locations with higher values on the corresponding EGV 









Montado 0.451 -0.471 0.612 
Forest  -0.369 -0.466 0.324 
NDVI 0.363 -0.269 0.025 
PCA2 0.363 0.005 0.04 
Wet croplands -0.334 -0.064 0.435 
Sd-DTM -0.296 -0.108 -0.035 
Montado + cereal 0.258 -0.243 0.266 
PCA1 -0.245 -0.103 0.111 
Dry croplands -0.208 -0.49 0.471 
DTM-convexity -0.145 0.033 -0.035 
Humanized -0.067 -0.392 0.014 
Shrubs 0.047 -0.082 0.149 
Habitat diversity 0.018 0.047 0.013 
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Figure 2 - Proportion of each habitat class classified as highly unfavourable (white), unfavourable (light grey), 
favourable (dark grey) and highly favourable (black) 
 
Distribution 
The suitability map build with the first six factors indicates that there is a large area 
which is not favourable to the presence of the Cabrera vole (Figure 3). The area surrounding 
“Cercal” in the southwest of the study area is mostly highly unfavourable, as well as a large 
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Figure 3 - Habitat suitability map for Cabrera vole in south Portugal as computed from ENFA. The scale on 
the right shows the habitat suitability values represented by each shade in the map. Light shading denotes areas 
more suitable for voles and dark shading denotes areas less suitable 
 
Figure 4 shows the distribution of HSI values for the whole area and for the species 
validation set. Although there is some overlap of values from the two sets, the median 
values are very different: 20 for the whole area and 50 for the validation set. More, 70% of 
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Figure 4 - Box plots presenting the distribution of the HIS values for whole set of cells and the validation 
subset (species). Boxes delimited the interquartile range, the middle line indicating the median; whiskers 
encompass the 90% confidence interval 
 
Model validation 
A good linear adjustment between HSI value and fi was obtained with the jack-knife 
cross validation, with fi values greater than one for high values of HSI. Also, the Wilcox rank 
test showed a significant difference between the median of the validation sample and that of 
the random samples (median of p-values = 0.034, percentage of p-values < 0.05 = 59.4; 
Figure 5a), what indicates that the HIS map is not the result of a random distribution of this 
parameter in the study area.  
When the proportion of HIS values higher than 50 in the validation sample is compared 
to the same proportion from 10000 random samples the previous result is corroborated (p 
value=0.000) (Figure 5b). In the validation sample this proportion was 52% (Figure 5c) 
while for the 10000 random samples values higher than 50 were never observed. This 
indicates that the probability of obtaining a sample with more than 52% of HSI values 
higher than 50 is very unlikely. Thus, the three methods here presented for validate the 
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Figure 5 - From the left to the right a) Frequency of the p-values obtained for the 10000 random samples; 
b) Distribution of the proportions of HSI values higher than 50 in 10000 random samples. Vertical dotted 
line=0,05 p-value; c) Frequency of the p-values obtained for the validation sample for HIS values >50 
 
Discussion 
The Ecological Niche Factor Analysis (ENFA) proved to be very effective to attain the 
goals previously defined in this study. Also, any of the three validation methods here used 
revealed that the model is adequate to model habitat suitability for the Cabrera vole in this 
region.  
 
Is the Cabrera vole a generalist or a specialist? 
The Habitat Quality Model revealed a global marginality value of 0,34 which means that, 
considering the ecological variables selected, the niche of the species is not very different 
from the conditions found in the whole study area. However, the median value of the cells 
selected by the species is significantly different from that of the random samples. 
Apparently, these two parameters indicate different results, although they can be explained.  
Since montado (a very favourable habitat) dominates this region, colonies are widely spread 
by the whole study area as was proved by the high number of grid cells with presences. 
Thus, it is not unexpected that within this area, so favourable to voles, specialization value is 
less than it would be if it was calculated for a region with a higher percentage of habitats 
clearly inadequate for voles. Therefore, although the small values of marginality and 
tolerance indicate that the species is more or less tolerant to some variance in the optimal 
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ecological conditions it is also probable that considering a larger area a higher specialization 
would be found. In effect, that was found at a national scale, both in Portugal and Spain, 
where this species has a narrow distribution (Fernández-Salvador 2007; Mira et al. 2008). 
 
Habitat quality and distribution of the Cabrera vole at a regional scale 
Habitat suitability map displays graphically the numerical results here obtained. It 
shows a low specialization of Microtus cabrerae for the regions here considered. Colonies of 
the Cabrera vole were found in almost all grid squares and, in many of them, more than 
three colonies were observed. A high number of colonies has already been detected by 
Santos et al. (2005) in a small part of our study area.  
The north of the study area is revealed by the habitat suitability map as the most 
suitable for the presence of colonies of the Cabrera vole. This area has more montado than 
the south part of the study area and is in general less disturbed. This habitat was identified 
by the HSI model as the most favourable to the voles such as previously suggested by Santos 
et al. (2005).  
A very large area has also been revealed by the model as unsuitable for voles. This area 
is mainly situated in the southwest (near Cercal) and in the east part of the study area 
(north of Bicos) and correspond predominantly to wet croplands, which means that these 
intensively used agriculture fields (frequently rice plantations) are not compatible with the 
presence of voles. 
According to the model, agriculture and forests are marginal areas to the species 
occurrence, with very small values of habitat quality. Field work allowed to confirm that 
colonies in these areas are effectively located in poor quality such as road verges or the 
edges of crop fields.  
The results here found are corroborated by previous ecological findings revealing a 
relative tolerance of Cabrera vole to marginal ecological conditions. Santos et al. (2007) 
reported the presence of colonies in marginal habitats dominated by ruderal communities 
substantially different from the tall perennial grasslands. Data from palatability 
experiments demonstrated that Microtus cabrerae did not have any preference for plant 
species of the typical colonies with perennial grasslands (Rosário et al. 2008).  
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Montado was once more highlighted as a very important habitat to this species (Rosário 
and Mathias 2007; Rosário et al. 2008; Santos et al. 2005) and the most probable habitat 
where colonies of the Cabrera vole may occur in south Portugal. In spite of the importance 
here revealed, montado was not selected as an important variable on the national 
distribution model computed by Mira et al. (2008), highlighting the relevance of studies at 
different scales.  
The traditional management of the montado, with a regular and moderated 
perturbation, favors the maintenance of the perennial grasslands and consequently favors 
the establishment of vole’s colonies, as it supports biodiversity in general (Plieninger and 
Wilbrand 2001). At a regional level it is fundamental to preserve this habitat in order to 
protect Cabrera voles.  
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Abstract 
In this study, data on microhabitat preference of the Cabrera vole (Microtus cabrerae) 
was obtained in a cork oak woodland of southern Portugal over an area of 221 ha. A total of 
35 and 30 colonies were surveyed, respectively, in the dry and wet seasons (April to June 
and October to December, respectively) and 22 variables defining microhabitat structure 
and composition were monitored within a 10 m-radius circle around each colony. Two 
logistic regression models were separately computed for the dry and wet seasons, aiming to 
identify the more relevant variables influencing the presence of voles. Models were 
statistically robust, revealing good predictive ability (dry season: 94.1% of correct 
classifications and AUC=0.987; wet season: 82.4% of correct classification and AUC=0.869). 
Results suggest that open areas with high herbaceous cover were the most important 
microhabitat factors determining the occurrence of voles across the year. Results also 
showed that colonies distribution and spacing greatly varied throughout the year which 
may be highly relevant in the species conservation planning. 
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Resumé 
Dans ce travail, nous déterminons les variables les plus importantes qui influencent la 
distribution du Campagnol de Cabrera (Microtus cabrerae), le rongeur le plus menacé au 
Portugal. Les données ont été obtenues dans une chênaie de chêne-liège au sud du Portugal, 
sur 221 ha. Un total de 35 et 30 colonies ont été enregistrées, correspondant aux saisons 
sèche (avril - juin) et humide (octobre - décembre), et 22 variables mesurées dans un cercle 
de 10 m de rayon qui entoure chaque colonie, ont permis de définir la structure et la 
composition du microhabitat. Deux modèles de régression logistique ont été construits pour 
les deux saisons. Les modèles obtenus ont été statistiquement robustes et ils ont présenté 
une bonne capacité prédictive (saison sèche: 94.1% de classification correcte et AUC=0.987; 
saison humide: 82.4% de classification correcte et AUC= 0.869). Nos résultats ont démontré 
l’importance des surfaces ouvertes (clairières) avec de grandes couvertures de plantes 
herbacées comme des facteurs déterminants de la présence du Campagnol de Cabrera. Nos 
résultats ont aussi démontré que la distribution et l’espacement des colonies peuvent 
considérablement changer pendant l’année, ce qui doit être pris en compte en vue de la 
conservation de l’espèce. 
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Introduction 
The Cabrera vole (Microtus cabrerae Thomas 1906) is an endemic and threatened 
rodent in the Iberian Peninsula, listed in the annex III of the Bern Convention (Cabral et al. 
1990, Blanco & González 1992) and in the annex II of the Habitats Directive (92/43/EEC). 
This species occurs only in areas of Mediterranean climate (e.g. San Miguel 1992) and has 
developed physiological adaptations to cope with the high temperatures and the water 
deficit during the summer months (Blondel & Aronson 1999, Mathias et al. 2003).  
Locally, animals are grouped in colonies, frequently of reduced dimensions (ca. 300 m2) 
with densities varying from one to five animals per 500 m2, depending on the time of the 
year (Fernández-Salvador 1998). These colonies show a patchy distribution over brush 
woods near small streams and in areas of tall grasses or herbaceous vegetation, frequently 
associated with oaklands (Soriguer & Amat 1988, San Miguel 1992, Fernández-Salvador 
1998, Mathias 1999, Fernández-Salvador et al. 2001). Yet, albeit habitat destruction has 
been pointed out as the major threat for this species survival (Cabral et al. 1990, San Miguel 
1992), reduced information is available on the precise microhabitat requirements which 
regulate the presence of voles, such as quantitative data on habitat characteristics that make 
potentially good habitat inappropriate for Cabrera voles (Landete-Castillejos et al. 2000). 
The cork oak (Quercus suber) is one of the dominant tree species in areas under 500 m 
a.s.l. of the southwestern Thermo-mediterranean region (Rivas-Martínez 1987, Blondel and 
Aronson 1999). Although with a narrow distribution in Spain, cork oak woodland is the 
most widespread evergreen oakland in Portugal (Natividade 1990), covering about one 
third of the area enclosing all known M.cabrerae colonies (San Miguel 1992, Fernández-
Salvador 1998, Mathias 1999). 
This study, which is part of a larger one towards a conservation strategy for the Cabrera 
vole, aims at identifying microhabitat descriptors associated with the presence of voles in a 
Mediterranean cork oak woodland in southern Portugal. Thus, a set of variables reflecting 
characteristics of the microhabitat, were monitored in two different seasons and analysed 
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Methods 
Study area: The present study was carried out in southern Portugal, over an area of 221 
ha (Herdade da Ribeira Abaixo, Grândola, 38º08’N, 8º33’W), in two different periods: a dry 
season and a wet season (see below). The study area is included in the Iberian Thermo-
mediterranean belt (Rivas-Martínez and Arregui 1999), characterised by dry hot summers 
and mild wet winters (Blondel and Aronson 1999). Mean air temperatures were 17.4 ºC 
(minimum of 4.5ºC and maximum of 36ºC) for the dry season and 15.1 ºC (minimum of 0ºC 
and maximum of 29ºC) for the wet season. Total rainfall was 117 mm for the dry season and 
368 mm for the wet period (data from Professional School of Agriculture and Rural 
Development of Grândola, 8 km from the study area). 
The area and surroundings are included in the Grândola mountain system, averaging in 
altitude 325 m a.s.l., which are part of one of the most important cork oak woodland 
formations (Quercus suber) in Portugal (Natividade 1990, Santos-Reis & Correia 1999). 
Scrub understorey is dominated mainly by Cistus salviifolius, C.ladanifer, C.populifolius, 
Lavandula luisieri, Arbutus unedo and Erica arborea (Correia & Nisa 1999). 
 
Data collection 
Colonies survey was carried out from April to June 2002 (dry season) and from October 
to December 2002 (wet season). The samples consisted, respectively, of 35 and 33 presence 
and absence circles for the dry season and 30 and 39 presence and absence circles for the 
wet season. Average area occupied by presence signs varied between 250 m2 (0,25 – 800 
m2) in the dry season and 166 m2 (1 – 1000 m2) in the wet season. 
 Several signs of presence, such as tunnels in the vegetation, feces, latrines and grass 
clipping in the tunnels, allowed the identification of the colonies but the “presence of voles” 
was only assigned if feces were found. A regular procedure was followed for presence 
sampling aiming to cover all the study area. Sampling began at one extreme and once a 
presence was registered, a 100 m-radius buffer was defined before starting a new survey. A 
10 m-radius circle was defined around each colony, within which, nine variables defining 
microhabitat structure and composition were monitored through visual estimation (Table 
I). The variable HETERO describes the vegetation spatial structure inside the sampling 
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circle: 1-homogeneous, when circle is only covered by herbs or scrubs; 2- two distinct 
patches, one of herbaceous vegetation and another of scrubs; 3- a corridor like structure, 
when there is one patch of herbs surrounded by scrubs; or 4-dispersed patches, when there 
are several patches of scrubs inside a matrix of herbs, or vice versa.  
In addition, two orthogonal transects were defined within each circle and, at every 
meter, vegetation categories and heights were also recorded using a pointed pin-meter 
(“Line intercept” method, Hayes et al. 1981). This procedure resulted in 42 point vegetation 
records per circle and allowed the quantitative calculation of 13 more variables concerning 
the cover percentage of each category assigned (trees and shrubs identified to species level 
and herbs to family or genus levels). Variables concerning vegetation height, inside the 
circles, were obtained from the 42 point measures taken (Table I). 
Absence circles were randomly defined using ArcView GIS 3.2 software, and after field 
confirmation (tunnels and feces absence), the same microhabitat variables were monitored 
(Table I). In order to minimize spatial autocorrelation of data, only circles spaced at a 
minimum distance of 100 m were sampled (presence or absence). 
From the first to the second survey period, 11 dry season presence circles were 
abandoned by voles and thus, data of six new colonies were obtained in the wet season 
survey to achieve a similar presence/absence proportion at both models. 
 
Data analysis 
Logistic regression models (Hosmer & Lemeshow, 2000) were used to evaluate which 
variables were more important in predicting the Cabrera vole presence during the dry and 
wet seasons, separately. 
Univariate analyses were used for 22 habitat variables to test for differences between 
habitat variables in the presence and absence circles, and for variable reduction. A direct 
logistic regression was computed for all independent variables, while for binary and 
categorical variables, a Pearson chi-square test was used to complete information at the 
univariate stage. Variables were considered significant for further evaluation (at this two 
procedures) when P<0.25 (Hosmer & Lemeshow 2000). 
 Habitat Characterization – Chapter III   
 
70 | P a g e  
 
Table I- List of independent microhabitat variables measured for modelling the Cabrera vole presence in a 
cork oak woodland (VE-visual estimation; LI-line intercept method). 
 
CODE DESCRIPTION VALUES TYPE METHOD 





P_SOIL Bare soil cover (%) (0-100) continuous VE 
P_HERB Herbaceous vegetation cover (%) (0-100) continuous VE 
P_SHRUB Shrub cover (%) (0-100) continuous VE 
TREE Number of trees  (0-7) continuous VE 
GREEN Green versus dry herbaceous vegetation cover 
(%) 
(0-100) continuous VE 
RUBUS Presence of Rubus sp (brambles) (0/1) binary VE 
JUNCUS Presence of Juncus sp (rushes) (0/1) binary VE 
HETERO 




NFAMI Number of plant families in point sampling (1-10) continuous LI 
SOIL Number of sampling points in bare soil (%) (0-100) continuous LI 
GRASS Number of sampling points in grass (%) (0-100) continuous LI 
CSALV Number of sampling points in Cistus 
salviifolius(%) 
(0-100) continuous LI 
LEGUM Number of sampling points in Leguminosae 
plants (%) 
(0-100) continuous LI 
JUNCU Number of sampling points in Juncaceae (%) (0-100) continuous LI 
LAVAN Number of sampling points in Lavandula 
luisieri(%) 
(0-100) continuous LI 
COMP Number of sampling points in Compositae (%) (0-100) continuous LI 
H_HERB Herbaceous vegetation mean height (cm) (0-100) continuous LI 
H_MEAN Vegetation mean height (n=42) (cm) (0-120) continuous LI 
H_SD Vegetation standard deviation height (n=42) 
(cm) 
(3-65) continuous LI 
H_MIN Vegetation minimum height>0 (n=42) (cm) (1-45) continuous LI 
H_MAX Vegetation maximum height (n=42) (cm) (20-300) continuous LI 
 
Some microhabitat parameters were assessed by different methods (e.g. P_SOIL and 
SOIL), which originated pairs of variables describing the same characteristic. Also, many 
variables describing different microhabitat parameters can usually have some degree of 
correlation with others. The least significant variable, of a pair of correlated variables, in the 
univariate tests (r> 0.5, P<0.05) or the variable with less accuracy in the measurement 
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method, was removed from the analysis to avoid multicollinearity (Kolowski & Woolf 
2002).  
Autocorrelation is the lack of independence between pairs of observations at given 
distances in time or space and is commonly found in ecological data (Legendre 1993). 
Although some precautions were made during field work to avoid it, a risk is always 
involved in assuming a non-real fact. Because spatial autocorrelation violates the 
assumption of independence of most statistical procedures (Legendre 1993), the Moran’s I 
coefficient was calculated to measure spatial autocorrelation of the dependent variable, 
using the Rook-case, an Excel 97/2000 Add-In (Sawada 1999). Moran’s I usually varies 
between -1 and 1 for maximum and positive autocorrelation, respectively (Legendre 1993).  
All variables remaining after the screening process of the univariate testing (P<0.10) 
and multicollinearity study were entered into a logistic regression function following 
backward stepwise procedures (maximum likelihood method). To remove spatial 
autocorrelation effects of data, the geographical coordinates of the sampling circles (UTM 
coordinates) were considered as two explanatory variables (X and Y). Because these 
variable values were very high, both of them were divided by 104 to prevent very high 
model coefficients. Both variables and their interaction were tested in the models 
(Bustamante 1997) at “main effects” building stage. The criterion for variables to enter and 
remain in the logistic model was P < 0.05 (Siriwardena et al. 2000, Wauters et al. 2001). 
Linearity in the logit was verified by the Box-Tidwell transformation and scatter graphs for 
continuous variables. Interactions were analysed and included in the final model if its 
coefficient remained significant (P<0.05) (Hosmer and Lemeshow 2000, Tabachnick and 
Fidell 2001). 
In order to evaluate the models goodness-of-fit, G tests, Nagelkerke R2, Pearson 
correlations between observed and predicted outcome and Pearson chi-square statistic 
were considered (Brito et al. 1999). Furthermore, classification tables were analysed for 
correct model predictions for presence (sensivity) and absence (specificity) of voles. To 
measure the classification accuracy, independently of the critical threshold value, receiver 
operating characteristic curves (ROC) were built. The area under the curve (AUC) provided 
a single quantitative index of the diagnostic accuracy of the models (Osborne et al. 2001). 
The predictive power of the models was assessed using a Jack-knife analysis to compare 
classification values and Pearson correlation among observed values and Jack-knife 
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predictions and among the two models predictions (Osborne and Tigar 1992, Manel et al. 
2001).  




After univariate analysis and data screening (Table II), six variables were excluded due 
to multicollinearity problems and only ten independent variables were selected to enter in 
the dry season multivariate model: GRASS, SOIL, TREE, HETERO, GREEN, JUNCUS, LAVAN, 
RUBUS, COMP and H_HERB. The main model retained four of these variables. At this stage, 
geographical variables were included in the model by the same stepwise procedure and a 
final model was obtained, defined by: percentage of grasses (GRASS), percentage of bare soil 
(SOIL), percentage of green herbs (GREEN), position (X.Y) and number of trees (TREE) 
(Table III). There was high positive spatial autocorrelation (Moran’s I > 0.60) between data 
points less than 180 m distance, which explains the significance of “position” variable. The 
model was highly significant (G=75.735, df=5, P<0.001), with a high explanatory power 
(Nagelkerke R2=89.6%), a very high correlation between observed and predicted outcome 
(r=0.909, P<0.001) and low Pearson X2 value (null hypothesis not rejected), all revealing a 
very high model goodness-of-fit. Also, an excellent accuracy was found on the 
discrimination of presences from absences (AUC=0.9870.010, P<0.001).
  
Table II- Mean values (min-max) of independent variables measured within 10 m-radius circles of presence and absence of the Cabrera vole and results of univariate logistic 
regressions (G test, significant at p<0,25; variable codes as in Table I). 
VARIABLE 
CODES 
DRY SEASON WET SEASON 
Presence Absence Univariate tests P-value Presence Absence Univariate tests P-value 
WATER 1 (0-2) 0 (0-2) 7.762 0.021 1 (0-2) 0 (0-2) 7.441 0.024 
P_SOIL 6.59 (1-15) 39.09 (10-95) 76.080 0.000 10.00 (0-35) 34.77 (0-80) 31.884 0.000 
P_HERB 54.48 (20-95) 24.33 (3-80) 32.384 0.000 49.40 (0-77) 25.82 (2-90) 19.415 0.000 
P_SHRUB 39.64 (2-70) 35.97 (2-70) 0.683 0.409 36.93 (0-60) 39.41 (5-65) 0.502 0.479 
TREE 2 (0-5) 5 (0-16) 20.810 0.000 2. (0-6) 4 (0-16) 10.438 0.001 
GREEN 63.77 (2-98) 36.67 (5-85) 14.173 0.000 77.50 (20-95) 78.67 (20-100) 0.063 0.802 
RUBUS 0 (0-1) 0 (0-1) 6.651 0.010 0 (0-1) 0 (0-1) 3.084 0.079 
JUNCUS 0 (0-1) 0 (0-1) 7.924 0.005 0 (0-1) 0 (0-1) 4.594 0.032 
HETERO 3 (1-4) 1 (1-4) 14.447 0.002 2 (1-3) 1 (1-3) 6.877a 0.032 
NFAMI 6 (2-10) 6 (2-9) 0.026 0.872 4.57 (2-7) 5.00 (2-8) 1.678 0.195 
SOIL 2.86 (0-7) 17.55 (0-90) 42.408 0.000 1.97 (0-15) 15.03 (0-80) 24.899 0.000 
GRASS 51.51 (15-90) 24.82 0-71) 26.414 0.000 49.57 (10-88) 23.82 (0-85) 17.781 0.000 
CSALV 22.11 (0-54) 27.61 0-80) 1.266 0.260 29.50 (0-88) 36.57 (0-85) 1.759 0.185 
LEGUM 4.09 (0-27) 6.24 (0-22) 1.602 0.206 0.73 (0-5) 3.85 (0-22) 15.116 0.000 
JUNCU 2.43 (0-34) 0.27 (0-7) 5.998 0.014 2.50 (0-15) 0.74 (0-22) 3.523 0.061 
LAVAN 1.34 0-12) 5.00 (0-24) 7.236 0.007 2.57 (0-17) 4.23 (0-29) 1.359 0.244 
COMP 4.49 (0-12) 8.03 (0-56) 3.789 0.052 3.37 (0-24) 3.95 (0-24) 0.210 0.647 
H_HERB 46.49 (22-96) 39.45 (0-67) 3.269 0.071 30.53 (11-49) 23.36 (0-68) 3.853 0.050 
H_MEAN 54.91 (28-94) 49.12 (5-98) 1.610 0.204 52.03 (33-81) 51.92 (1-111) 0.000 0.984 
H_SD 29.29 (16-44) 32.94 (13-50) 3.262 0.071 33.57 (25-55) 34.67 (3-64) 0.168 0.682 
H_MIN 14.37 (1-35) 11.15 (3-25) 3.300 0.069 8.10 (1-25) 10.08 (2-45) 0.888 0.346 
H_MAX 129.29 (70-
190) 
131.21 (50-200) 0.058 0.810 139.83 (100-200) 136.03 (20-300) 0.118 0.731 
a HETERO3 (two classes collapsed 
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The main model correctly classified 94.1% of the sampled circles (97.0% and 91.4% for 
absence and presence classifications, respectively), while the Pearson correlation between 
observed and predicted outcome was very high (r=0.909, P<0.01). Jack-knife validation 
procedures resulted in 80.0% of presence circles and 72.7% of absence circles classified 
correctly, resulting in a 76.5% correct classification, while Pearson correlation betwen 
observed outcome and Jack-knife prediction was very satisfactory (r=0.548, P<0.01). The 
association between main and Jack-knife model predictions was high (r=0.598, P<0.01). 
High grass cover, low percentage of bare soil, availability of green herbaceous 
vegetation, geographical position and few surrounding trees were associated with the 
presence of voles in the dry season. 
 
Wet season 
During univariate testing and data screening, the variable HETERO was transformed to 
three categories (Table II) and three variables were excluded because of high correlation 
problems. After this, nine variables were retained for initializing the multivariate model: 
GRASS, SOIL, LEGUM, TREE, WATER, HETERO3, JUNCUS, H_HERB and RUBUS. Three 
variables were selected in the first model and after stepwise inclusion of geographical 
variables a final model was obtained and defined by: percentage of bare soil (SOIL), number 
of trees (TREE) and percentage of leguminous plants (LEGUM) (Table III). All geographical 
variables were excluded from the model. The variable TREE was not linear in the logit, so it 
had to be transformed to (TREE)2 during model building stage. In average terms, there was 
low spatial autocorrelation between points (Moran’s I <0.20 for points more than 140 m 
distance). Only one sample point presented high values of Moran’s I (I = -1), but it was 
decided not to exclude it from further analysis. 
The model was highly significant (G=38.320, df=3, P<0.001) with a satisfactory 
explanatory power (Nagelkerke R2=57.9%), a moderated correlation between observed and 
predicted outcome (r=0.677, P<0.001) and a low Pearson X2 value (null hypothesis not 
rejected), revealing a medium model goodness-of-fit. Nevertheless, the model showed a 
very high accuracy in discriminating presences from absences (AUC=0.8690.046, 
P<0.001). 
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Table III-Top, Logistic regression model of the presence of Cabrera vole a cork oak woodland at the dry 
season based on the significance of the Wald statistic (variable codes as in Table I). Bottom, Logistic regression 
model of the presence of Cabrera vole in a cork oak woodland at the wet season based on the significance of the 
Wald statistic (variable codes as in Table I). 
Variable codes B SE Wald test df sig Exp (B) 
GRASS 0.108 0.048 5.142 1 0.002 1.087 
SOIL -0.347 0.134 6.704 1 0.010 0.744 
GREEN 0.071 0.035 4.100 1 0.043 1.058 
POSITION (X.Y) -0.067 0.034 3.989 1 0.046 0.935 
TREE -0.620 0.314 3.898 1 0.048 0.572 
constant 1515.004 758.971 3.998 1 0.046  
 
Variable codes B SE Wald test df sig Exp (B) 
SOIL -0.157 0.066 5.767 1 0.016 0.854 
(TREEE)2 -0.061 0.029 4.554 1 0.033 0.941 
LEGUM -0.328 0.155 4.494 1 0.034 0.720 
constant 1.882 0.556 11.465 1 0.001  
 
The main model correctly classified 82.4% of circles (82.1% and 82.8%, for absence and 
presence circles, accordingly) and a high correlation between observed and predicted 
outcome was observed (r=0.677, P<0.01). Using Jack-knife validation procedures, overall 
correct classification was 81.2% (75.8% and 86.1%) and Pearson correlation was also high 
(r=0.624, P<0.01). A significant model predictive power was verified by a very high 
correlation between both models predictions (r=0.984, P<0.01). 
For the wet season voles also occurred in areas with low percentage of bare soil and 
few trees, as well as with low abundance of leguminous plants.  
 
Discussion 
An attempt was here made to demonstrate that the Cabrera vole occurrence is greatly 
dependent of the microhabitat characteristics scale. The high values of goodness-of-fit 
obtained for both logistic models indicate that this goal was achieved. Although the model 
for the wet season had lower fitness to data (suggesting that also other variables should 
have been included in the analysis), its predictive power was superior. This means that the 
wet season model is less dependent of existing data and has more power at predicting new 
colonies. On the other hand, the dry season model describes more efficiently the existing 
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data, although new predictions will be less reliable (Fielding & Haworth 1995). 
Nevertheless, both models describe very accurately the species distribution and the most 
influencing microhabitat characteristics for the presence of the species at the Grândola 
mountain and at cork oak woodland formations, which was a major goal of this study. In 
future works it is desirable to increase the dimensions of the study area and the sample size, 
including other macrohabitat types and vegetation formations to achieve models describing 
colonies distribution and abundance at a regional basis and with a greater predictive power. 
Results indicate an association of voles with open areas where green vegetation cover 
(mainly grasses) is abundant, especially during the driest period of the year. These findings 
are in accordance with other studies (San Miguel 1992, Fernández-Salvador 1998), 
identically refering the importance for M. cabrerae of open habitats with herbaceous 
vegetation that remains green over the year and with formations of perennial grasses.  
The relevance of vegetation cover is well known as it affords many ground-dwelling 
animals’ shelter, food and nesting opportunities, as well as protection (e.g. Monamy & Fox 
2000, Pusenius & Ostfeld 2002). Furthermore, the preference for habitats with few trees 
near the colonies can be explained by the fact that several avian predators use trees as 
hunting perches (e.g. Southern & Lowe 1968, Widén 1994), although these trees could also 
provide high cover and protection from summer high temperatures and direct sun 
exposure.  
Fourteen predator species that normally prey upon small mammals occur at the study 
area: two Strigiformes, four Accipitriformes and eight mammalian carnivores (King 1985, 
Santos-Reis & Correia 1999). The abundance of avian and mammal predators, as well as the 
diurnal activity of the Cabrera vole (Fernández-Salvador, 1998) may also account for the 
significance of the herbaceous vegetation cover in avoiding predators detection (King 
1985). In addition, vegetation cover may play an important role in thermoregulation, 
preventing from overheating, especially during the summer months (Mathias et al. 2003), 
when almost no surface water is available in mediterranean-type habitats (Blondel & 
Aronson 1999). The low metabolic rate, the high thermal conductance and digestability of 
the species also suggests a physiological adjustment to heat and drought during the summer 
(Mathias et al. 2003, Santos et al. 2004). At this season, green grasses and herbs are scarce 
and concentrate at few sites, frequently associated with the proximity of water courses and 
drainage areas. This non-randomly distribution of cover and food resources during the dry 
season can influence colonies geographical distribution, as revealed by the higher number 
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of colonies found at the northwestern part of the study area. Besides, the few works on 
Cabrera vole’s diet revealed that it included more than 58% of grasses (Soriguer & Amat 
1988, Costa et al. 2003), which may also justify their high abundance near colonies. On the 
other hand, San Miguel (1992) suggested the avoidance of leguminous herbaceous plants by 
M.cabrerae, which agrees with its significance in the wet season model. However, other 
microtines such as the American Microtus ochrogaster and M. pennsylvanicus frequently 
consumed leguminous plants (Marquis and Batzli 1989, Schweiger et al. 2000). During the 
wet season, green grasses are available everywhere, allowing colonies to disperse more 
through the area, justifying the lower values of spatial autocorrelation at this season. So, this 
study also demonstrated that the presence of a colony at a given location may not be 
constant through the year. 
In addition, several dry season areas became inundated during the wet season, forcing 
the individuals to occupy other suitable areas. This moving behaviour is still not completely 
understood and several questions remain unanswered: where and how far individuals go or 
whether or not they return to the same summer areas. Yet, since environmental 
disturbances resulting from fire or plough are frequent in Mediterranean woodlands, the 
Cabrera vole could have developed some kind of adaptation to cope with adverse 
conditions. For instance, Meadow voles (Microtus pennsylvanicus) avoided fire, finding 
refuges in burrows (Geluso 1986).  
Understanding the mechanisms that allow a k - strategist (Fernández-Salvador et al. 
2001) and a specialist species like the Cabrera vole to deal with these frequent 
perturbations is essential for a future conservation strategy. 
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Introduction 
The Cabrera vole (Microtus cabrerae) is a microtine rodent considered vulnerable 
both in Portuguese and Spanish red data books (Cabral et al 2005; Palomo and Gisbert 
2002). In spite of some relatively recent studies on the ecology of this species (Pita et al. 
2010, Rosário et al. 2008, Rosário et al. 2007), there are still several lacks on the primarily 
knowledge of the ecology of the Cabrera vole. This is particularly noticed in what concerns 
the study of its demographic parameters, what is probably due to the difficulties typically 
associated with the trapping methods. In fact, very few trapping studies involving this 
species have been done so far (Landete-Castillejos 2000, Fernandez-Salvador 2005, Pita et 
al 2010), what serious limits the knowledge related with population density, sex-ratio, age 
classes or recruitment. Moreover, as far as we know, none of these parameters have been 
estimated for Portuguese populations, despite the acknowledge importance of such 
baseline parameters to the conservation of this species (Pimm et al. 1988, McKinney 1997, 
Simberloff 1998, Purvis et al. 2000).  
Likewise, the study of space use dynamics of endangered and vulnerable species has 
also an obvious relevance to their conservation, particularly if managements measures are 
to be taken (Simcharoen et al. 2008; Hillen et al. 2009, Pita et al. 2010). Again, information 
of the space use in Cabrera vole is still scarce, as it is the potential influence of season in 
space use dynamics. 
The Cabrera vole inhabits tall perennial grasslands throughout its distribution range 
(Ayanz 1992, Pita et al. 2006a, Santos et al. 2005). Accordingly to the theories which relate 
spatial distribution to social organization in voles, it would be expected that females of the 
Cabrera vole would have overlapping home ranges, since their feeding is based on grasses, 
a rapidly renewable resource (Ostfeld 1985, Ims 1987). This spacing behavior should lead 
to a clumped distribution of females and, consequently, to males overlapping the home 
ranges of several females, typical of a polygamous mating system (Ostfeld 1985, 1990). 
However, the only two studies published which estimated the home ranges of the Cabrera 
vole revealed that males overlap the area of only one female, leading to the assumption 
that this species is monogamous (Fernandez-Salvador 1998, Pita et al. 2010). On the other 
hand, home range areas seem to be rather constant throughout the year, and even among 
different habitats (Pita et al. 2010). This constancy through seasons is also somewhat 
unexpected, since the food availability, a factor that is known to influence the home range 
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dimension (Jonsson et al. 2002), is generally much lower during the driest months 
(Ventura et al. 1998, Pita et al. 2006, Rosário et al. 2008).  
In the present study we compared the space use dynamics of a Cabrera vole 
population during a dry and a wet season. The field work was conducted in southwest 
Portugal, where the conditions between seasons are clearly distinct, namely in what 
respects to climate and to vegetation structure (Santos et al 2005, Rosário et al. 2008). The 
results, based in live trapping of Cabrera voles, also provided information related to some 




Field work was performed in south-western Portugal (Grândola; 38º 8’ N - 8º 33º W) 
between January and December 2004. The study area is included in the phytosociological 
Aliance Quercion fagineo-suberis (Correia and Nisa 1999), and is part of one of the most 
important cork oak (Quercus suber) woodland forests in Portugal (Natividade 1950, 
Santos-Reis and Correia 1999). The understory is mainly included in the Class Cisto-
lavanduletae dominated by Cistus salviifolius (Rivas-Martínez et al. 2002a, Rivas-Martínez 
et al. 2002b). Within it, moistly patches characteristic of the classes Molinio-
Arrhenateretea, Isoeto-Littorelletea and Isoeto-Nanojuncetea, dominated by perennial 
grasses (e.g. Agrostis castellana, Festuca ampla, Brachypodium phoenicoides and Phalaris 
caerulescens), rushes (Juncus spp.) and sedges (e.g. Carex flacca, Scirpus holoscoenus e 
Eleocharis palustris) are frequent (Rivas-Martínez et al. 2002b). 
 
Sampling voles 
After a first survey to identify the places with the most fresh and abundant signs of the 
presence of voles, a set of four patches (ranging from 470 to 1270 m2) were selected to 
trapping-based sampling. In each patch, a variable number of Sherman traps, varying from 
40 to 52, were placed in order to cover the maximum patch area.  Each live trap was baited 
with apple and carrot and placed where more vole signs were found. A 5-day trapping 
session was carried out every month throughout the study period, maintaining a constant 




89 | P a g e  
 
trapping effort. Traps were checked 3 times per day (in the early morning, at lunch time 
and in the evening), except during summer months, when traps were closed between 
12:00h and 16:00h to prevent casualties of voles due to high temperatures.  
A capture-mark-recapture method was applied. Voles captured were lightly 
anaesthetised with ethyl ether, in order to easily record sex, body mass (measured with a 
digital scale 0.1 g accurate), and reproductive condition. Specimens were assigned to one 
of the following relative age classes (see Fernández-Salvador et al. 2001): juveniles, up to 
27 g; subadults, 28-39 g; adults, 40-68 g. The following categories of adults were 
established, regarding the reproductive condition of the specimens (Fernández-Salvador 
et al. 2001): inactive males (abdominal testes), active males (scrotal testes), inactive 
females (closed vulva), active females (open vulva), pregnant (as determined by 
palpation). Once these data were recorded, individuals were marked with metallic ear tags 
(see Zwicker 1989) and released at the capture site (after ensuring that they had 
completely recovered from the anaesthesia). 
 
Population data 
Population size was estimated by the “calendar of captures” method, which considers 
that, for each sampling event, the population is constituted by the animals captured, 
together with those previously marked that were missed at the time, but captured later 
(Fuller 1977, Airoldi 1978, Fernández-Salvador et al. 2001). Population density for each 
trapping session was calculated by dividing the number of individuals estimated by the 
area of the patch.  
Each captured individual was classified as resident (if it remained in the area for more 
than one trapping session) or transient (if it was captured only in one session throughout 
the whole study). Recruitment was estimated differentiating whether it was of internal 
(natives) or external (immigrants) origin (Eccoffey 1997). Specimens captured for the first 
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Space use 
The exact location where each vole was captured or recaptured was registered using a 
GPS device. All the positions were then inserted in a Geographic Information System (GIS), 
in which we calculated, for each individual, 1) the distances between successive captures 
(using the “Animal movement” extension for Arcview 3.3.; Environmental Systems 
Research Institute, ESRI, Redlands, CA, USA), and 2) the home range size (using the 
Minimum Convex Polygon method, also in Arcview 3.3; Mohr 1947, Southwood 1966). 
Only resident animals were considered in these analyses. 
 In space use analysis two different seasons were considered, within which the data 
were pooled: the wet season (January to May) and the dry season (June to December). 
These two seasons were defined considering the clear decrease on the mean values of 
precipitation from May (55.6 mm) to June (17.2 mm) for this region 
(http://www.meteo.pt/pt/oclima/normais/). Moreover, although from September until 
December there is usually an increase in precipitation, during this particular year there 
was a severe drought in Portugal with values of accumulated precipitation from 
September to December very inferior to the average of other years, classifying this period 




For the whole study period, the total trapping effort was of 10500 traps-day. A total of 
41 individuals were marked during our study, with a total of 490 captures and recaptures.  
In each trapping session, the total number of captured animals ranged from 4 to 16 
and population density ranged from 12.44 to 49.75 ind/ha (Figure 4). This maximum peak 
was reached in December and minimum values were found in May, August and September. 
Density peaks are coincident with peaks of internal recruitment (births), in February, 
November and December, and with peaks of external recruitment in June (Figure 5). 
Juveniles were captured only from January to February and from November to December.  
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Figure 4 – Number of individuals captured (males, females and juveniles) and density (individuals per 
hectare) from January (1) to December (12). 
 
Leaving aside the 9 specimens captured in the first trapping session, a total of 32 
individuals joined the population during the study, 16 of which were native, and the 
remainder 16 (7 males and 9 females) were immigrants. No recruitment was observed in 
March, April, August and October (Figure 5). 
 
Figure 5 – Number of internal and external voles recruited to the population from February to December. 
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Females did not reproduce from June to September Figure 6, which is in accordance to 
internal recruitment data. From February to May, in October and December all females 
captured were reproducing. The sexual activity of adult males was observed during the 
whole year. Inactive males were only captured in June, September, November and 
December (Figure 6). 
 
 
Figure 6 – Percentage of sexually active males and females from January to December. 
 
From the total 41 individuals, 9 were males and 17 were females, the remaining was 
captured as juveniles; there were no significant differences in sex-ratio (Chi-square 1.96; 
p=0.162).   
 
Spacing behaviour 
A total of 15 adult individuals were considered as residents in the study area, five of 
which were males and the remaining 10 females. Most of the individuals were capture 
only in one season (exceptions were one male, which was captured continuously from 
February to September, an individual from the wet season that was also captured in June, 
and an individual from the dry season that was captured also in May). However, the 
number of captured voles was similar between the two seasons (8 individuals in each 



























93 | P a g e  
 
The sex-ratio for both periods was not statistically significant (Chi-square 0.5; p=0.48, 
for both periods).  
We didn’t find any significant sex-related difference in home ranges, although the 
home ranges of the males tended to be higher than those of females, this was especially 
noticed in the wet season (Table 1).  
 
Table 1 – Comparison between mean home ranges (m2) for males and females and during wet and dry 
seasons. Minimum and maximum values are also presented (between brackets). Due to low sample size, 
comparisons were only performed to total values. 
Season Females Males 
 






































When considering the distances travelled by voles between successive fixes the same 
pattern was found. Distances travelled by males between successive fixes were higher 
than those travelled by females, and, this time, even more noticed in the first season 
(Table 2). However, differences between sexes were once again statistically non significant 
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Figure 7 – Home 
ranges calculated by the 
minimum convex polygons 
method (MCP), for males 
(doted lines) and females 
(solid lines) of the Cabrera 
vole in the a) wet  season 
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Table 2 – Average distance (m) between fixes for males and females in both seasons. 
Season Females Males 
 
Total Comparison between 
sexes (Mann-Whitney) 





























Home ranges were significantly higher during the wet season than during the dry 
season (Table 1; Figure 7). Similarly, the distances between fixes were also higher during 
the wet season (Table 2).  
The comparison of home range overlap between the two seasons also revealed 
significant differences (U=1259; p=0.052; df=1), being higher on the wet season. On the 
contrary, it was not detected any significant difference between intrasexual (females over 
females and males over males) and intersexual overlaps, although the latter was higher 
(Kruskal-wallis test df=2; p=0.623). During the wet season there were significant 
differences in overlapping areas between the three groups (males over males, females 
over females and intersexual) (Kruskal-wallis test df=2; p=0.034; Figure 4 b). Intra sexual 
overlapping was rare in both seasons (Figure 7).   
 
Discussion 
This study constitutes the first live trapping study of the Cabrera vole on a regular 
basis in Portugal, and one of the few that report some basic demographic parameters for 
this vulnerable species. Some differences were found from what was previously known. 
First, maximum densities detected in this study were much smaller than density values 
found for other populations of the Cabrera vole (Landete-Castillejos et al 2000, Fernández-
Salvador 2005). However, the same monthly pattern was noticed when comparing our 
data to 1998 data (Fernández-Salvador et al 2005): high densities in spring and winter 
and low densities in the summer. These authors did not found this pattern in the previous 
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year (1997), which they attribute to climate differences. According to the same authors, 
the reproductive respite during summer months is much probably due to high 
temperatures and low rainfall registered in this season. The potential negative effect of 
dry conditions on the Cabrera vole reproduction has been previously suggested by 
Ventura et al. (1998), as well as for other rodent species in Mediterranean climate (Ostfeld 
et al 1985, Rosário and Mathias 2004). It is also probable that the severe drought of this 
year has contributed to the low densities found in the present study.  
Density peaks are coincident with internal recruitment peaks in November, December 
and January, which correspond to the only months when juveniles were captured, and 
with external recruitment in June (corresponding to young individuals dispersing from 
other colonies).  
Sex-ratio was favourable to females; however, this difference was not statistically 
significant. An even sex-ratio is usually observed in monogamous species or in species 
which present a monogamous matting system in some occasions. Although there were no 
significant differences in sex-ratio, this result should be carefully considered since the 
sample size was low. More sampling is needed in this population to understand if this just 
a reflex of the small sample size or if there are significant differences that were not 
detected here. 
The home range areas registered in our study were much higher than monthly home 
ranges of the Cabrera vole in Spain, which averaged 112,3 m2 for both sexes (Fernández-
Salvador 2005). Differences between these two studies could be due to the wider period 
here considered to estimate home ranges (five months for wet season and seven for dry 
season), while Fernández-Salvador (2005) uses monthly estimates. Smaller home ranges 
were also observed in other Portuguese colonies (Pita et al 2010). In this latter case, 
differences are more likely to be related to differences in habitat structure. While the 
present study was conducted in a traditionally managed montado, the Pita et al. (2010) 
study was performed in a more fragmented matrix, which can lead animals to concentrate 
in small fragmented patches.  
Differences in home ranges between studies can also be due to differences in 
population densities which are considered to be inversely related (Vukicevic-Radic 2006, 
Wolff 1985). 
We didn’t find significant differences between home ranges (neither between inter-
fixes distances) of males and females, although the first tended to be higher (again, this 
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result can be somewhat biased by the small sample sizes). This corroborates what has 
been reported by other authors (Pita et al. 2010), and points also for the existence of a 
monogamous system in this species. In the same way, and as expected, there was few 
overlap between home ranges of adjacent couples, what supports this assumption. 
Nevertheless, we registered the occurrence of a male pairing with two females within its 
home range, and at least one of them had siblings; this observation leads to the hypothesis 
that at least occasionally the Cabrera vole can have a polygamous mating system, as 
observed in other voles (Ostfeld 1990, Wolff 2007).  
Interestingly, both home ranges and distances between fixes, as well as overlap 
between areas, were significantly higher during the wet season. Such seasonal difference 
was not detected in the other studies dealing with home ranges of this species (Fernández-
Salvador 2005, Pita et al. 2010). Usually, home range dimension is negatively correlated to 
the habitat quality (Collins and Barret 1997, Fisher 2000). However, considering that 
vegetation is more abundant in the wet season, the observed result cannot be explained by 
this theory. The most likely explanation is related with the shrinking of the patches as 
summer approaches (i.e., grasses dry out, and the voles stay restricted to smaller areas 
were moister is higher; Rosário et al. 2008). These moist patches are the only habitat 
available for voles during the summer, while in the wet season voles can use a wider area.  
The results presented in this study, jointly with the data gathered in other similar 
studies (Fernández-Salvador 2005, Santos et al. 2005, Pita et al. 2010), provide valuable 
baseline information that can be used in the definition of an action plan for the Cabrera 
vole, or to contribute to the design and size definition of protected areas that aims to 
maintain viable populations of this species. This and other studies also shown that Cabrera 
vole seems to be particular vulnerable during the summer months, both due to a decrease 
in food and habitat availability (Rosário et al. 2008). Further studies should therefore be 
carried out in order to analyze in what measure the conditions that’s voles face during the 
summer can constitute a limiting factor for the species. If so, a particular attention should 
be given to the population trends of Cabrera vole, considering the expected tendency to 
drier and hotter summers in the Mediterranean region in consequence of the global 
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Abstract 
The Cabrera vole (Microtus cabrerae) is an Iberian endemism considered threatened 
both in Portugal and Spain. This vole is often referred to as a tall perennial grassland 
community specialist. However, a recent study revealed that the Cabrera vole exploits a 
wide variety of grasslands. The major aim of the present study was to test the palatability 
of 21 plant species occurring within or outside typical perennial grassland colonies in 
order to assess vole’s food preferences. Results showed a major consumption of 
monocotyledons and annual plants (such as Festuca ampla, Agrostis castellana, 
Brachypodium distachyon, B. phoenicoides and Vulpia geniculata), but no relationship 
between diet selection and the typical grassland plant communities was found. The 
preference of voles for annual species, occurring more abundantly outside the colonies, 
leads to the hypothesis that the establishment of a colony is mainly determined by plant 
species abundance and persistence over the year, rather than by their palatability. 
 
Key words: Microtus cabrerae, palatability, plants phenology, grassland communities. 
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Introduction 
Most species of the genus Microtus are generally associated with mesic or wet habitats 
dominated by monocotyledon plant species (Getz 1985; Mauritzen et al. 1999; Mathias 
and Ramalhinho 1999; Palomo and Gisbert 2002). These grasslands do not necessarily 
have to be extensive or contiguous to be colonized once many colonies are commonly 
found in small dispersed, grassy patches within forested areas. Herbaceous vegetation has 
the dual role of providing food and cover, and its presence is, in general, a necessary 
requirement for most species of Microtus. 
Several attempts to explain diet selection by herbivores have been made, without 
definitive answers (Batzli 1985). Most Microtus feed extensively on monocotyledon 
species, although other taxa are frequently included in their diet (Batzli and Pitelka 1971; 
Cole and Batzli 1979; Lindroth and Batzli 1984; Hjältén et al. 1996). In fact, rodent species 
with very restricted diets are uncommon (Rothstein and Tamarin 1977). 
Chemical characteristics of the plants have been pointed out several times as one of 
the main factors determining food selection by voles (Berger et al. 1977; Marquis and 
Batzli 1989; Hartley et al. 1995; Villalba et al. 2002). Several aspects related to plant 
species phenology have also been argued to dictate food preference. Ericson and Oksanen 
( 1987) suggested that plant availability, dictated by shoot morphology, determined 
Clethrionomys rufocanus food preference. For example, slow growing plants are believed 
to have developed higher levels of defense compounds and to receive less damage than 
fast growing plants (Coley et al. 1985; Coley 1988; Basey and Jenkins 1993). Evergreen 
species and species with low compensatory ability are also believed to suffer greatly if 
damaged, and so, many of them contain toxins which defended them against herbivory 
(Bryant et al. 1983; Ericson and Oksanen 1987).  
The Cabrera vole (Microtus cabrerae) is an Iberian endemism considered threatened 
both in Portugal and Spain (Blanco and Gonzalez 1992; Cabral et al. 2005) and listed in the 
European Community Habitats Directive (92/43/EEC) and in the Bern Convention 
(82/72/CEE). Although most studies on this species have been so far largely descriptive 
(Ayanz 1994; San Miguel 1992; Fernández-Salvador 1998), there was a strong evidence 
that this vole is an habitat specialist, strictly related to moistly tall perennial grassland 
communities with sedges and rushes (Pita et al. 2006). However, a recent study by Santos 
et al. ( 2006) describing the composition of plant communities in colonies of this species, 
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revealed that the Cabrera vole exploits a wide variety of grasslands, including more 
ecologically disturbed ruderal and annual communities where perennial grasses are 
uncommon. 
So far, the single published study on the diet of the Cabrera vole, based on the analysis 
of faecal pellets, revealed a diet dominated by monocotyledons, mainly perennial grasses, 
sedges and rushes (Soriguer and Amat 1988). However, this study was performed in Spain 
and it only reflects the diet of the Cabrera vole within a restricted area.  In other places, or 
habitats, other plants could be more relevant as food items to the species diet. Further, the 
analysis of faecal pellets tends to underestimate the dicotyledon species (Batzli and Pitelka 
1983) and thus, these taxa can be more palatable than it is expected at this time. So, 
considering that the Cabrera vole may occur associated with more ecologically disturbed 
annual plant communities, we hypothesized that other taxa rather than perennial 
monocotyledons may be selected by voles as food items. More, if the plant species of the 
typical grassland communities are preferred then it suggests that colonies that do not have 
these species are marginal and will not support a population of voles. If this preference 
does not occur, more evidences that the M. cabrerae is more adaptable to a wide variety of 
grasslands communities are given. 
To clarify these hypotheses palatability experiments were performed and the 
following questions were addressed: 1) Do voles prefer monocotyledon plant species? 2) 
Is there a relationship between plants phenology and food preferences by voles? 3) Do 
voles prefer plant species that are characteristic of the perennial grassland communities? 
 
Study area 
This study was carried out in the Field Station of the Centre for Environmental 
Biology, situated in Grândola, south-western Portugal (38º 8’ N - 8º 33º W), between April 
and May 2004. The study area is included in the Iberian Thermo-Mediterranean belt 
(Rivas-Martínez and Arregui 1999), characterized by dry hot summers and mild wet 
winters (Blondel and Aronson 1999), and in the phytosociological alliance Quercion 
fagineo-suberis (Correia and Nisa 1999), which is part of one of the most important cork 
oak (Quercus suber) woodland forests in Portugal (Natividade 1950; Santos-Reis and 
Correia 1999). The understory is mainly included in the class Cisto-lavanduletae 
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dominated by Cistus salvifolius with low herbaceous cover (; Rivas-Martínez et al. 2002a; 
Rivas-Martínez et al. 2002b). Small moistly patches characteristic of the classes Molinio-
Arrhenateretea, Isoeto-Littorelletea and Isoeto-Nanojuncetea, dominated by perennial 
grasses (e.g. Agrostis castellana, Festuca ampla, Brachypodium phoenicoides and Phalaris 
caerulescens), rushes (Juncus spp.) and sedges (e.g. Carex flacca, Scirpus holoscoenus e 
Eleocharis palustris) are found within this large matrix of shrubs (; Rivas-Martínez et al. 
2002b). These patches, correspond to the typical perennial grassland communities usually 
described as optimal habitats for the colonies of the Cabrera vole (Santos et al. 2006). 
 
Material and Methods 
Feeding trials  
Five animals (38.3 - 58.3 g body mass) were live captured with Sherman® traps in 
three different colonies, 1km apart, within similar perennial grassland habitats. Animals 
were kept at the field station laboratory under a diet of carrots, apples and water ad 
libitum in individual cages (40x25x15 cm), covered with paper towelling and with cotton 
for bedding.   
The 21 plant species used in the experiment were collected within 2 hours before the 
trial and kept in plastic bags to prevent desiccation. These plant species were chosen 
according to two community groups: 1) “Colonies”: plants from the perennial grassland 
communities characteristic of the Molinio-Arrhenateretea, Littorelletea or Isoeto-
Nanojuncetea classes (Rivas-Martínez et al. 2002b); 2) “Brushwood”: plants only occurring 
in the surroundings of the colonies, characteristic of the Cisto-Lavanduletea class (Rivas-
Martínez et al. 2002a; Rivas-Martínez et al. 2002b). The abundance of the plant species 
was also taken into account since uncommon species could not be collected in sufficient 
amounts to conduct the trials. 
Plants were given to voles in standardized feeding trials. Each vole received one plant 
species per day on successive days. The order in which plants were offered to each vole 
varied to minimize bias in consumption (Batzli and Lesieutre 1991). At the end of the 
experiments each vole was released at the same point where it was captured. 
The feeding trials were performed between the first of May and the 6th of June 2004. 
Every day, plant material was collected and two packs (each weighting 20g) of green 
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stems or leaves from the same plant species was prepared for each vole. One of these 
packs was fed to one of the voles during a 16-h feeding trial and the other was dried out at 
60ºC to determine water content. At the end of each trial all remnants of the plants were 
collected, dried and weighted so that the amount consumed could be calculated (dry mass 
consumption). During the experiment, apple, carrot and water continued to be freely 
available, so that voles could maintain their body mass without consuming any of the 
tested plants, since it was previously referred by Santos et al. ( 2004) that a mixed diet of 
apples and carrots fulfils the energetic requirements of voles. This procedure was adopted 




Results from the feeding trials were evaluated using an ANOVA repeated measures 
design with taxonomy, phenology or community groups as fixed factors. Standardized dry 
mass consumption (consumption / square root of body mass of each vole) was used in all 
statistics to avoid the effect of body size on metabolic requirements of voles (Marquis and 
Batzli 1989). All statistical analyses were made with software R (R Development Core 




Values of mean standardized dry mass consumption varied considerably among plant 
species (Table 1). The less consumed species were Mentha pulegium, Myrtus communis, 
Cistus salvifolius and Aristolochia paucinervis. Mean standardized dry mass consumption 
for these species ranged from 0.013 g to 0.026 g. The most consumed plant species were 
Festuca ampla, Agrostis castellana, Brachypodium distachyon, Brachypodium phoenicoides 
and Vulpia geniculata. Mean standardized dry mass consumption of these species ranged 
from 0.362 g to 0.565 g and accounted for more than 50% of the overall consumption for 
all species. 
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Table 1. Standardized maximum, minimum and mean consumption (±1SE) of 21 plant species by the 
Cabrera vole (M. cabrerae) in 16-h feeding trials (g plant dry mass/g body mass -0.5). Plant species are ranked 
from the most consumed to the least consumed (mean consumption). 




Festuca ampla monocotyledons perennial colony 0.565 0.685 0.450 
Agrostis castellana monocotyledons perennial colony 0.471 0.705 0.294 
Brachypodium distachyon monocotyledons annual brushwood 0.457 0.768 0.161 
Brachypodium phoenicoides monocotyledons perennial colony 0.443 0.529 0.371 
Vulpia geniculata monocotyledons annual colony 0.362 0.443 0.251 
Phalaris caerulescens monocotyledons perennial colony 0.276 0.427 0 
Bromus hordeaceus monocotyledons annual brushwood 0.258 0.517 0 
Tolpis barbata dicotyledons annual brushwood 0.247 0.286 0.155 
Eleocharis palustris monocotyledons perennial colony 0.198 0.362 0.073 
Ornithopus compressus dicotyledons annual brushwood 0.157 0.280 0.057 
Carex flacca monocotyledons perennial colony 0.139 0.205 0.075 
Juncus fontanesi monocotyledons perennial colony 0.139 0.266 0.040 
Scirpus holoscoenus monocotyledons perennial colony 0.113 0.171 0.018 
Ranunculus bulbosus dicotyledons perennial colony 0.105 0.226 0.006 
Oenanthe fistulosa dicotyledons perennial colony 0.104 0.209 0.025 
Juncus acutus monocotyledons perennial colony 0.103 0.227 0.001 
Coleostephus myconis dicotyledons annual brushwood 0.081 0.143 0.029 
Mentha pulegium dicotyledons perennial colony 0.026 0.058 0 
Myrtus communis dicotyledons perennial colony 0.024 0.042 0 
Cistus salvifolius dicotyledons perennial brushwood 0.020 0.035 0 
Aristolochia paucinervis dicotyledons perennial brushwood 0.013 0.028 0 
 
Plant species consumption differed significantly between monocotyledons and 
dicotyledons: 0.29 g vs 0.09 g (Table 2 and Figure 1). Festuca ampla was the most 
consumed monocotyledon (0.565 g) while Tolpis barbata was the most consumed 
dicotyledon (0.247 g). 
 
Table 2. Results of repeated measures ANOVA design for the effects of taxonomy, phenology or 
community. These groups were assigned as fixed factors in the three ANOVA models. 
 df SS F P 
 Taxonomy 
Taxon 1 0.105581 46.863 0.002383 
Residuals 4 0.009012   
 Phenology 
Pheno 1 0.0164969 9.0965 0.03932 
Residuals 4 0.0072542   
 Phytosociology 
Comm 1 0.0039680 3.3759 0.1400 
Residuals 4 0.0047015   
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Figure 1. Microtus cabrerae standardized dry mass comsumption for plant species with different 
taxonomy. Vertical bars show ±1 SE. 
 
Plant phenology 
A significant difference in consumption among plant groups with different phenology 
was found (Table 2). On average, voles consumed more biomass from annual plants (Fig 
2). However, the three more palatable plants (Festuca ampla, Agrostis castellana, 
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Figure 2 – Microtus cabrerae standardized dry mass comsumption for plant species with different 
phenology. Vertical bars show ±1 SE. 
 
Plant communities 
Consumption of plant species did not differed significantly between community 
groups (Table 2; Figure 3). Nevertheless, the top five of the most consumed plants mainly 
includes plants from the grassland communities (“colonies”); the third most consumed 
plant (Brachypodium phoenicoides) is included in the “brushwood” group, clearly 
influencing the results. Bromus hordeaceus and Tolpis barbata are also brushwood species 
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Figure 3. Microtus cabrerae standardized dry mass comsumption for plant species from different 
community groups. Vertical bars show ±1 SE. 
 
Discussion 
The present study provides the first insight onto palatability of different plant species 
for the Cabrera vole. Festuca ampla, Agrostis castellana and Brachypodium sp., which were 
considered as main bioindicators of high quality colonies by Santos et al. ( 2006), were 
found to be the most consumed plant species. A similar preference for monocotyledons 
has also been found by Soriguer & Amat ( 1988) who have also analyzed faecal pellets for 
Spanish colonies. They have identified the genus Bromus and Briza as the most consumed 
items plants, frequently found both in Portuguese and Spanish colonies (Ayanz 1994; 
Santos et al. 2006). Although there is a clear preference for monocotyledons in both 
countries, there is a difference in consumption within this taxonomic group as a 
consequence of vegetation differences in distinct biogeographic regions (Santos et al. 
2006). Hence, a correspondence between the most consumed taxonomic plant group in 
this laboratory study and the most consumed taxonomic plant group in the wild Spanish 
colonies is noticed, such as previously reported for other Microtine species (Marquis and 
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Plant species like Aristolochia paucinervis and Mentha pulegium were among the least 
consumed items, probably because these plants produce secondary compounds such as 
terpenes and alkaloids (Gadhi et al. 2001), known as potentially prejudicial for mammals 
(Marquis and Batzli 1989; Gali-Muhtasib and Smith 1992; Hartley et al. 1995). Diet 
selection by voles should also be dependent of the negative (secondary compounds and 
fiber) and positive (water and nutrient) effects of nutritional elements of plants .  
Voles showed preference for annual plant species, even though this preference was 
not as significant as it was for taxonomy groups. The seven most consumed plants were all 
monocotyledons and three of them were annual, while the remaining four were perennial.  
The unpalatability of perennial plant species was reported for Microtus agrestis and 
Clethrionomys glareolus (Hjältén et al. 1996). Perennial plant species are believed to suffer 
greatly if damaged and, accounting for that, they contain defence toxic substances against 
herbivores, while annual plants are believed to have lower defences and to be more 
palatable (Bryant et al. 1983; Coley et al. 1985). 
On the other hand, while annual plant species are only available as food sources 
during a short period, perennial plant species are one of the few resources available 
during summer. Thus, annual plant species cannot allow the maintenance of a population 
of voles during the whole year contrary to what happens with perennial plants. It was 
already reported that several rodent species may shift their diet according to the 
availability or the seasonal nutrients variation (Goldberg et al. 1980). Therefore, it is likely 
that Cabrera voles exploit both kinds of resources in different times of the year. Shifting its 
preferences from annual to perennial plant species during summer, when vegetation dries, 
might be crucial for vole’s survival during this critical season.  
These differences in the seasonal food resources availability for the Cabrera vole are 
even more evident outside the tall perennial grassland communities where typically occur 
colonies of the Cabrera vole. During summer the proportion of green plants outside the 
colonies reduces by an half, while in the colonies this proportion reduces only by 14% 
(Santos et al. 2005). In addition, given the lower abundance of herbaceous plants outside 
the colonies (Santos et al. 2005), and given the energetic requirements of these voles (4.88 
g dry mass/day) (Santos et al. 2004) it would be extremely difficult for them to survive 
outside the colonies. This evidence leads us to the assumption that the establishment of a 
colony is mainly determined by the persistence and abundance of plants over the year 
rather than by the presence of particular plant communities. In fact, voles did not show 
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any preference for plant species of the “colonies” communities. Most plant species that are 
readily available outside the colonies are highly palatable to the Cabrera vole. Thus, it is 
possible that voles might depend of these resources, for instance, when forced to cross 
these inhospitable habitats during dispersion to other areas. 
In summary, both plant taxonomy and phenology are important determinants of food 
choice by the Cabrera vole, while plant species communities are non significant. Voles 
preferentially feed on monocotyledons and annual plants from both plant communities 
here considered. These evidences sustain the hypothesis that the Cabrera vole can survive 
in more degraded grassland communities mostly including annual plants. Road verges are 
a good example of such communities which are frequently occupied by the Cabrera vole 
(Santos et al. 2007). Although these habitats are dominated by communities of annual and 
ruderal plants, usually they maintain a high moisture level which allows maintaining 
plants most of the year. 
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Abstract 
The Cabrera vole is an endangered species frequently found in the montado, a 
savannah-like ecosystem well adapted to fire. Although, it is assumed that regular burning 
is not very prejudicial to this vole, the impact of fire is unknown. Post-wildfire 
recolonisation by the Cabrera vole was studied for the first time. Colonies were monitored 
over one year after a wildfire and the most relevant ecological features in their 
reestablishment were identified. During the first eight months all the 18 surveyed colonies 
remained unoccupied. However, after one year, 11 colonies were recolonised. Vegetation 
structure and composition in the colonies (vegetation height, plant families diversity, 
percentage of bare ground, and cover of shrubs before the fire), which are important 
features in offering protection and nutrition, were closely related to reoccupation of the 
colonies. Surprisingly, fire intensity did not influence recolonisation. Distance from 
unburned areas proved to be a factor that delayed colonies recolonisation. The importance 
of the montado for this species was reinforced by the evidence that recolonisation 
occurred preferentially in colonies surrounded by this habitat type. 
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Introduction 
The Cabrera vole (Microtus cabrerae) is an endangered Iberian endemism listed in 
Portuguese and Spanish red data books as Vulnerable and Rare, respectively (Blanco and 
Gonzalez 1992; Cabral et al.  2005) and included in the Annexes II and IV of the EC 
Habitats Directive (92/43/EEC). This status is justified by its narrow geographic 
distribution, strict habitat specialization, and high frequency of small colonies (ca. 300m2) 
with low population densities (Fernández-Salvador 1998; Fernández-Salvador et al. 
2001). These factors combined with increased human impact, especially changes in 
agricultural practices, in occupied habitats, have worsened species conservation status 
over the time (Ayarzaguena et al. 1976; Fernández-Salvador 1998; Landete-Castillejos et 
al. 2000). 
Colonies of the Cabrera vole are frequently associated with smooth valleys with high 
moisture level where perennial tall-grasses grow (Ayanz 1994; Ayarzaguena et al. 1976; 
Fernández-Salvador 1998; Santos et al. 2005). These grasslands are regularly burned to 
improve grazing pastures and remove the shrub layer (Fernández-Salvador 1998). 
However, the assumption has been that the species copes well with these controlled fire 
events since it is abundant in these areas (Ayarzaguena et al. 1976). On the other hand, 
wildfires and the area affected have been increasing in the last decades, gaining higher 
proportions in Portugal and leading to the highest extensions of burned areas in Europe 
(Barbosa et al.  2004). Due to their severity, these fires might have a stronger impact on M. 
cabrerae than do controlled fires. Nevertheless, although it is thought that the Cabrera 
vole is tolerant to controlled fires, neither the real impact of these burnings nor the impact 
of wildfires upon its populations has ever been studied.  
Responses of small mammals (other than M. cabrerae) to fire have been studied 
during the last decades in Mediterranean ecosystems (Quinn 1994; Sutherland and 
Dickman 1999; Torre and Díaz 2004). In general, after fire small mammal communities 
recover rapidly, following a definite sequence of local colonisations and extinctions of 
different species that closely matches successional changes in vegetation structure (Fox 
1982; Haim and Izhaki 1994; Haim and Izhaki 2000). These successional stages of 
vegetation by offering different food availability and shelter conditions justify changes in 
abundance and species composition of the associated small mammal communities (Quinn 
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1994). Herbivorous and granivorous species are usually recorded as pioneers in an area 
that is recolonizing after a wildfire (Haim and Izhaki 1994; Haim and Izhaki 2000).    
Given this dependence upon the vegetation and since vegetation regrowth is 
dependent on the degree to which the vegetation is scorched or consumed (Morrison 
2002), it is expected that fire intensity will indirectly impact the communities of small 
herbivorous mammals.   
Additionally, the distance from unburned areas has also been ignored in studies of 
post-fire recolonisation. A relationship between distance from unburned areas and 
recolonisation time is expected, since the farther the colonies are from the edge the longer 
the time voles need for reoccupation. 
The present study was initiated in summer 2003, the most severe fire season of the 
last decades in Portugal (Barbosa et al.  2004), immediately after a wildfire that burned a 
total of 26.6 km2 (Fig 1), in Grândola (South Portugal). Within this area colonies with 
different vegetation characteristics and different degrees of isolation gave us the 
opportunity to survey their recovery for over one year after the wildfire. This study was 
designed on the assumptions that: (1) most colonies will be recolonised as vegetation 
recovers (2) differences in the intensity of the burned vegetation will be reflected on 
vegetation development and structure, and consequently on recolonisation and (3) a 
direct relationship between distance from unburned areas and recolonisation time is 
expected. 
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Fig. 1. Recolonized and non-recolonized colonies of M. cabrerae within the area of the wildfire showing 
the different classes of habitat. 
 
Thus, our main goals were: (1) to assess if the recolonisation of the colonies occurs 
within the first stage of the vegetation succession, (2) to examine relationships between 
vegetation characteristics and the recolonisation by voles, (3) to assess if the intensity of 
the fire affects recolonisation and (4) to determine how distance to unburned habitats 




The study area is included in the Thermo-Mediterranean belt (Rivas-Martínez and 
Arregui 1999), characterised by hot dry summers and mild wet winters (Blondel and 
Aronson 1999). Vegetation is dominated by one of the most important montado 
formations in Portugal (Natividade 1950; Santos-Reis and Correia 1999; Correia and Nisa 
1999), characterised by the presence of a savannah-like open tree layer (Quercus ilex and 
Q. suber), a shrub layer (Cistus ladanifer, C. salvifolius, C. populifolius, Lavandula luisieri and 
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Erica arborea) periodically controlled by farmers, and a herbaceous layer comprised of 
either cultivated cereals or, more commonly, native vegetation dominated by annual 
species, which are used for cattle grazing (Pinto-Correia 1993; Díaz et al. 1997; Joffre et al. 
1999). Forestry of Eucalyptus sp. and Pinus sp. are other important vegetation formations 
at the study area.  
 
Data collection 
Signs of vole presence (tunnels in the vegetation, nibbled grass, faeces and latrines) 
were used for the identification and delimitation of the colonies. This is a commonly used 
method to determine the presence of this secretive species in areas where there are no 
sympatric species with similar signs (García 1999; Fernández-Salvador et al. 2001; Santos 
et al. 2005; Santos et al. 2006). In this particular case, the wildfire burned the vegetation 
and exposed burned pellets, pathways and many times accumulations of nibbled grasses, 
evidencing the presence of voles.  
Colony is here referred as a single aggregation or an assemblage of voles’ burned signs 
within a discrete habitat patch. Each colony was considered to have an elliptical shape and 
the centre of the colony was considered to be the centre of the ellipse (Pita et al. 2006). 
When a colony was found it was located with a GPS and marked on the ground with a tape. 
In the first survey, immediately after the wildfire in August 2003, eighteen colonies of 
M. cabrerae were identified based on burned pellets and pathways within the burned area. 
Recolonisation of these burned colonies was monitored every three months in autumn and 
winter 2003 and in spring and summer 2004 through the survey of fresh signs. There is no 
possibility of confusing these signs with the signs leaved before the fire since the later 
were burned.  
 
Seasonal variables 
In order to compare vegetation characteristics between colonies, a 10 m-radius circle 
was defined around the centre of each colony and always between its limits. In each circle 
two orthogonal transects were marked (Santos et al. 2005) and, at every 2 m of each 
transect, vegetation categories and heights were recorded using a pointed pin-meter 
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(“Line intercept” method according to Hayes et al.  1981). This procedure resulted in 21-
point vegetation records per circle and allowed the calculation of 15 variables, nine 
concerning vegetation cover (SOIL, GRAM, LEGUM, JUNC, COMP, and V_OTHER) or other 
vegetation characteristics (NFAMI, BURNED, DRY) and five describing height (H_GRAM, 
H_LEGUM, H_JUNC, H_COMP, and HV_OTHER; see Table 1). All variables were measured in 
each season (August and October 2003 and February, April, and July 2004) and, thus, were 
designated as ‘seasonal variables’.  
 
Fixed variables 
As part of a larger study aimed at a regional characterization of the environmental 
factors regulating the Cabrera vole distribution, the following main habitats (HABIT) were 
distinguished in the study area before the wildfire occurred: montado, agriculture, forestry 
(Eucalyptus sp. and Pinus sp.), scrubland and grazing land (Fig. 1). The percentage cover of 
bushes (SHRUB) in each habitat was also considered (Table 1). These habitat polygons 
were digitized within a GIS environment (ArcView GIS 3.2) to produce a map were colony 
centers and the limits of the burned area were superimposed. This allowed calculating the 
distance from each colony to the border of the burned area (ArcView GIS 3.2; DIST, Table 
1). This measure was used instead of the distance to the nearest occupied colonies (that 
would reflect better a probable recolonisation distance) because this would be very 
difficult to perform in a reasonable time given the huge unburned area to prospect and to 
our logistical constrains. However, distance to the nearest unburned edge also reflects the 
distance to possible sources of individuals, since unburned colonies are all beyond this 
limit.  
 
Table 1. Variables measured in each burnt colony of the Cabrera vole (VE-visual estimation; LI-line 
intercept method). 




HABIT Habitat type around the colony (1-6) categorical VE 
SHRUB Shrub cover around the colony (%) (0-100) continuous VE 
B_TREE Intensity of the fire in the trees (0-1) binary VE 
B_SHRUB Intensity of the fire in the shrubby vegetation (0-1) binary VE 
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B_HERB Intensity of the fire in the herbaceous vegetation (0-1) binary VE 
C_SHRUB Shrub cover in the colony area before the fire (%) (0-100) continuous VE 
DIST Distance from each colony to the border of the burned area (m) (9.6-1364) continuous GIS 
Seasonal variables 
SOIL Percentage of sampling points in bare soil (%) (0-100) continuous LI 
GRAM Percentage of sampling points in Gramineae plants (%) (0-100) continuous LI 
LEGUM Percentage of sampling points in Leguminosae plants (%) (0-100) continuous LI 
JUNC Percentage of sampling points in Juncaceae or Sciperaceae (%) (0-100) continuous LI 
COMP Percentage of sampling points in Compositae (%) (0-100) continuous LI 
V_OTHER Percentage of sampling points in other plant species (%) (0-100) continuous LI 
H_GRAM Herbaceous vegetation mean height (cm) (0-86.6) continuous LI 
H_LEGUM Leguminosae mean height (cm) (0-121.5) continuous LI 
H_JUNC Juncaceae and Sciperaceae mean height (cm) (0-150.0) continuous LI 
H_COMP Compositae mean height (cm) (0-125.0) continuous LI 
HV_OTHER Other plant species mean height (cm) (0-173.3) continuous LI 
H_MEAN Vegetation mean height (n=21) (cm) (3.7-88.0) continuous LI 
NFAMI Number of plant families in point sampling (1-9) continuous LI 
BURNED Burned versus unburned vegetation sampling points (%) (0-100) continuous LI 
DRY Dry versus green vegetation sampling points (%) (0-100) continuous LI 
 
After the fire, some of the habitat’s characteristics surrounding the colonies were 
measured through visual estimation, within the 10-m radius circle. The intensity of the fire 
was estimated in three vegetation strata (tree-B_TREE; shrub-B_SHRUB, herbaceous-
B_HERB) as follows:  0- vegetation only superficially burned; 1- vegetation completely 
burned (Table 1). In addition, the percentage of shrubs covering the colony before the fire 
(C_SHRUB) was estimated through visual estimation of the burned shrubs. Since all the 
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Data analyses 
A screening process was used to eliminate variables with no variability within each 
colony group considered in data analysis (recolonised and non-recolonised). Since there 
were many categories in variable HABIT with few cases each, this variable was rearranged 
in two categories: montado and other habitats. 
Non-metric multidimensional scaling (MDS) was used to display seasonal changes for 
each group of recolonised and non-recolonised colonies. Since fixed variables have no 
seasonal variation, only seasonal variables were used in this analysis. Variables were 
averaged for each colony group and season. The resulting MDS is a representation, using 
the lowest number of dimensions as possible (usually two axes), of the matrix of 
dissimilarity between each combination of season-colony group, in terms of their 
associated seasonal variables (Taylor et al.  2003). 
A multivariate analysis using the Canonical Analysis of Principal Coordinates (CAP) 
discriminant analysis (Anderson and Willis 2003) was applied to evaluate which variables 
were more relevant in discriminating recolonised and non-recolonised colonies. The CAP 
procedure is a two-step process combining two existing multivariate techniques: classical 
multidimensional scaling (PCO) followed by a classical canonical analysis (CDA or CCorA) 
on unscaled orthonormal PCO axes (Anderson and Willis 2003). To run this analysis a 
matrix was built with fixed and seasonal data corresponding to the season of colony 
recolonisation (for recolonised colonies) or to the last season (for non-recolonised 
colonies). Seasonal variables were averaged for each colony. All variables remaining after 
the screening process were analysed according to the CAP procedure based on Euclidean 
Distances, after logaritmization (ln x+1) of the variables and standardization by variable 
range.  
The criterion used to choose the number of principal coordinate axes applied in the 
canonical analysis was based on the minimum misclassification error achieved. A 
Canonical Discriminant analysis was performed on these axes. The misclassification error 
was computed, following the “leave-one-out” method, to evaluate how distinct the groups 
of recolonised and non-recolonised colonies were in the multivariate space. Trace statistic 
and squared canonical correlation was further computed to evaluate how well 
discriminated the groups are, based on 9999 permutations. 
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Non-parametric approaches were preferred as most variables of interest in the 
present study resulted from counts of species, which are often not normally distributed 
and also tend to have heterogeneous variances among samples. Therefore, such data 
generally violate the assumptions of traditional linear models, resulting in unreliable 
results.  
Non-metric multidimensional scaling (MDS) and all graphics were performed under R 
environment (R Development Core Team 2005). The CAP procedure was performed using 
the  CAP software package (Anderson 2004). 
 
Results 
During the first eight months it was not detected any fresh signs of voles. Thus all 
colonies were uninhabited until spring. From the initial 18 colonies that were detected 
within the burned area, six were recolonised in the spring following the wildfire and five 
were recolonised in summer. The remaining seven colonies were not recolonised until the 
end of this study (Fig. 1). All the colonies that were recolonised in one season were still 
occupied in the following season. Thus, two colony groups were considered: recolonised 
(11) and non-recolonised (7).  
During data screening, seven variables were excluded due to lack of variability within 
the groups of colonies (B_SHRUB, BURNED, DRY, LEGUM, JUNC, H_LEGUM, H_JUNC). From 
the remaining 15 variables, six were fixed variables, measured only at the beginning of the 
study. Thus, MDS was performed with nine variables and CAP analysis with 15 variables. 
 
Seasonal variations 
Vegetation heights were always higher during spring and summer (Table 2). Bare 
ground was more abundant in the first season after fire (autumn) while N_FAMI, COMP 
and V_OTHER were more abundant in the winter and/or spring. GRAM was an exception 
for the previous plant groups, because it was more abundant in the summer. 
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Table 2. Seasonal variables measured for recolonized and non-recolonized colonies in every season. 
Number of counts in percentage except for NFAMI and heights (see Table I). 
S e a so n C O L NFAMI S O I L GRAM COMP V_OTHER H_GRAM H_COMP HV_OTHER H_MEAN 
Autumn Non 3.29 43.54 34.01 6.12 10.88 10.22 2.52 9.15 11.31 
 Reoc 3.64 38.96 36.80 3.46 13.42 10.67 9.84 48.23 27.80 
Winter Non 4.29 15.65 51.70 10.88 14.97 11.43 3.72 6.19 10.04 
 Reoc 5.64 13.85 41.56 7.36 22.08 10.58 12.94 26.52 15.71 
Spring Non 5.71 4.76 52.38 6.80 14.29 31.10 29.81 21.44 27.65 
 Reoc 5.80 5.71 41.43 6.67 22.38 28.45 33.08 59.75 37.93 
Summer Non 2.43 28.57 60.54 5.44 3.40 38.21 19.34 14.75 42.03 
 Reoc 3.91 18.61 49.78 4.76 13.42 43.58 44.59 59.49 51.28 
 
Seasonal changes in colonies are shown in a non-metric multidimensional scaling 
(MDS) plot (Figure 2). The stress value of 0.0028 indicates that the distance between each 
colony/season combination in the two-dimensional space of the MDS satisfactorily reflects 
their dissimilarities in terms of seasonal variables (values of stress <0.2 are usually 
considered acceptable (Taylor et al.  2003). According to this plot, the two groups of 
colonies have clearly been distinct since the first surveyed season (autumn), in spite of a 
similar seasonal trend. It was also noticed that colonies in autumn were more similar to 
colonies in winter than to other seasons in terms of vegetation structure and composition. 
Likewise, spring and summer colonies had more similarities for both colony groups.   
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Fig. 2. Non-metric multidimensional scaling (MDS) plot of changes in the seasonal variables in recolonized ( ) 
and non-recolonized (   ) colonies. Labels correspond to seasons: au – autumn; wi – winter; sp – spring; su – 
summer. 
 
Colony group discrimination 
A clear distinction between the recolonised and the non-recolonised colonies is shown 
by the constrained plot resulting from the CAP analysis (Fig. 3). The two groups were 
found to be quite distinct according to trace statistic and squared canonical correlation (δ2 
= 0.755, P=0.0033). The method of “leave-one-out” revealed very little overlap and an 
estimated misclassification error of only 11.11%a (Table 3).  
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Fig. 3. Plot of the canonical axis from a CAP constrained ordination to discriminate recolonized (Rec) from 
non-recolonized (Non) colonies. 
 
 
Table 3. Percentage of correct classification values for each of the groups (recolonized and non-
recolonized colonies) with the CAP procedure. 
Classified into 
groups 
1 2 Total % correct 
Original Group 
1 
6 1 7 85.71 
Original Group 
2 
1 10 11 90.91 
 
 
Several variables revealed correlations of r>0.30 with the canonical axis (Table 4). 
Those with a positive correlation are expected to occur with a greater frequency, or with 
higher values, in recolonised colonies, while those with a negative correlation are 
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Table 4. Variables having correlations of |r|>0.30 with the canonical axis from the constrained analysis 
with the CAP procedure, separating recolonized from non-recolonized colonies. 
Recolonized 
(Positive correlation)  
r > 0.30 Non-recolonized 
(Negative correlation) 
r <- 0.30 
HV_OTHER 0.813 GRAM -0.399 
HABIT 0.799 DIST -0.396 
V_OTHER 0.771 SOIL -0.300 
N_FAMI 0.730   
C_SHRUB 0.655   
H_MEAN 0.499   
 
Recolonised colonies had more different plant families (NFAMI), more plants of 
families other than Gramineae, Leguminosae, Juncaceae, Compositae (V_OTHER) and higher 
plants (H_MEAN, HV_OTHER, see also Table 2). Non-recolonised colonies had more 
Gramineae (GRAM) and more bare ground (SOIL, see also Table 2).  
It is interesting to notice that GRAM and COMP were more abundant in recolonised 
colonies because (although COMP did not contributed to group discrimination), they 
performed opposite to the main tendency for the other plant groups in the colonies. It is 
also noteworthy that the high values of abundance of GRAM when compared with other 
groups of plants attained more than twice the value of V_OTHER in most cases (Table 2).  
As for fixed variables, recolonised colonies were more frequently found in montado 
(see also figure 1) and are characterized by a greater abundance of shrubs before the fire 
(non-recolonised 24.29%; recolonised 52.73%). On the contrary, variables related to the 
intensity of the fire (B_TREE and B_HERB) and SHRUB had similar values both in 
recolonised and non-recolonised colonies (Table 5); thus, their weak contribution to 
group discrimination was not unexpected.  
 
Table 5. Frequency of colonies in each class of the fixed variables considered for the analyses. 

















Recolonized 6 5 1 10 7 4 5 6 
Non-
recolonized 
3 4 6 1 4 3 3 4 
 
DIST was another variable contributing to group discrimination (Table 4), but in this 
case it was related to non-recolonised colonies. Recolonised colonies are located nearer 
the edge of the burned area. Average DIST from a non-recolonised colony was almost 
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twice the average DIST from a recolonised colony (619.96m and 364.53m, respectively) 
and the maximum DIST from a recolonised colony was 1364 m. 
 
Discussion 
This represents the first report of data on a post-fire recolonisation by the endangered 
Cabrera vole. The first recolonisations occurred only after more than eight months after 
the wildfire. However, most colonies were recolonised within the first year of the post-fire 
vegetation succession. In accordance with predictions, colonies further away from the 
edge of the burned area were the last to be recolonised, but unexpectedly fire intensity did 
not influence recolonisation. 
One third of the colonies were recolonised nine months after the fire and two thirds 
were recolonised after one year. These results are consistent with other studies on the 
colonisation of burned areas by herbivorous rodents (Fox 1982; Friend 1996; Fox et al. 
2003; Briani et al. 2004). In Eastern Australia, Pseudomys gracilicaudatus and Rattus 
lutreolus needed, respectively, three and four months to reestablish in a post-fire habitat 
(Monamy and Fox 2000). In the Brazilian Cerrado, Calomys callossus, Calomys tener, and 
Thalpomys cerradensis recolonised their habitats within the first year after a wildfire 
(Briani et al. 2004). However, it is not the time per se that is important in determining the 
timing of small mammal successional sequences, but instead the resource continuum 
borne of regenerating vegetation (Fox 1982; Monamy and Fox 2000). 
The seeds and seedlings produced in large quantities at early post-fire successional 
stages (Ne'eman et al. 1993) could explain the higher abundance of some herbivorous and 
granivorous species during this period (Haim and Izhaki 1994; Haim and Izhaki 2000). In 
the present study, recolonisation occurred in spring and summer following the fire, 
matching to the peak of diversity and abundance of plants and to the period when plants 
attain a higher development. 
Vegetation height has been previously considered a feature in nest establishment for 
the Cabrera vole (Fernández-Salvador 1998) and as a major factor for the protection 
against several predators (Santos et al. 2005), like other rodent species (Jacob and Hempel 
2003; Torre and Díaz 2004; Spencer et al. 2005). Vegetation also offers protection from 
overheating during summer (Mathias et al. 2003) when almost no surface water is 
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available (Blondel and Aronson 1999), since it allows a fresh and moist microclimate 
(Fernández-Salvador 1998).  
Several plants, e.g. Rubus ulmifolius, Oenanthe sp. and Asphodelus sp., (V_OTHER) 
might have also offered protection during the recolonisation process. While brambles 
(Rubus ulmifolius) develop large thickets that provide shelter to many mammal species 
(Santos-Reis et al. 1999; Reese 2000; Fernández and Palomares 2000), Oenanthe sp. and 
Asphodelus sp. reached considerable heights for herbaceous plants also providing a good 
cover. The importance of cover for the Cabrera vole is further reinforced by the 
correlation between recolonisation and the percentage of shrubs in the colonies. Most of 
the shrubs found in colonies (Rubus ulmifolius, Myrtus communis and Cistus salvifolius) 
have partially recovered since they have particular characteristics of “obligate 
resprouting”, i.e., resprouting immediately after the fire or “disturbance-dependent 
recruitment”, i.e., establishing seedling immediately after fire (Keeley 1995).  
Previous studies state the importance of Gramineae in the Cabrera vole colonies 
(Soriguer and Amat 1988; Santos et al. 2005; Fernández-Salvador et al. 2005), a staple 
food in its diet (Soriguer and Amat, 1988; Rosário et al. in prep.), although other plant 
species may also be important as alternative food items especially during spring when a 
greater variety of food items was available (unpublished personal data). Surprisingly, the 
present study revealed a negative correlation between Gramineae and the reestablishment 
of colonies. This can be explained by the fact that variables (C_SHRUB, H_VOTHER, 
N_FAMI, V_OTHER) that occur with higher values in recolonised colonies are negatively 
correlated with the abundance of Gramineae. In addition, the abundance of Gramineae in 
non-recolonised colonies was superior to 52%, far beyond the values for real absences of 
the Cabrera vole (inferior to 24%) found by Santos et al. (2005). Thus, a minimum level of 
Gramineae cover below which the Cabrera vole is absent probably exists, but that level 
was always surpassed during this study. 
Surprisingly, variables related to the severity of the fire did not influence 
recolonisation. Although fire severity increases annual species diversity and turnover rate 
as well as herbaceous perennial species turnover and biomass (Guo 2001), it has been 
considered less important in changing plant species community than fire frequency 
(Morrison 2002).  
As expected, distance was also an important variable for determining recolonisation. 
Those colonies that were farther away from the edge of the burned area were the last ones 
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to be occupied, which depend on the capacity of voles to disperse and on the quality of the 
habitat they have to cross during dispersal. To our knowledge, information on the 
dispersion ability of the M. cabrerae is nonexistent. We have demonstrated that the 
Cabrera vole can cover at least 1364 m in eight months. Crossed distances measured in 
this study (0.009-1.364 km) fall within the interval of dispersal distances of the water vole 
(Arvicola terrestris: 0.1-5.3 Km) (Macdonald and Rushton 2003; Telfer et al. 2003) and of 
the dormouse (Muscardinus avellanarius: 0.1-2.0 Km) (Macdonald and Rushton 2003). 
Moreover, the maximum edge distance is superior to the maximum natal dispersal 
distances found for several rodents of comparable size (Sutherland et al. 2000). Therefore, 
the dispersion ability of the Cabrera vole does not seem to impair the reestablishment of 
new colonies. However, if the linear distance they have to cross is through a habitat 
without vegetation protection, voles might have to choose a longer pathway, thereby 
requiring more time to reach a convenient habitat patch. Thus, colonies that are farther 
away and surrounded by adverse habitat have a higher probability to remain unoccupied  
due to isolation (Soulé 1987; Gilpin 1987; Hanski and Gilpin 1991; Hanski 1996; Drechler 
and Wissel 1998; Hanski 1999). Colonies surrounded by the montado were the first to be 
recolonised probably because this habitat regenerates more easily than other habitats 
here considered. Quercus suber trees are very resistant to fire due to its large cork layer 
(Natividade 1950) and shrubs besides having resprouting characteristics (keeley 1995) 
keeps a physical structure allowing sheltering. These colonies also had a more diverse 
herbaceous vegetation and functional spectrum which is probably a consequence of the 
traditional management of the montado as compared to other agricultural land uses 
(Plieninger and Wilbrand 2001). Thus, these two combined characteristics could have 
result in a more readly available habitat with more adequate herbaceous vegetation for 
the Cabrera vole colonizers. However, these are only assumptions which would need to be 
tested controlling not only for the characteristics of the colonies, but also for more 
variables of the surrounding habitats, which were not taken into account in this study. 
The Portuguese montado proved to be a very valuable habitat for M. cabrerae not only 
for offering suitable conditions for the settlement of vole colonies (Santos et al. 2005), but 
also due to its ability to recover after a wildfire. In this habitat, the Cabrera vole has shown 
its ability to cope well with the adverse conditions created by the fire, although the long-
term viability of the re-established colonies had not been analysed.  
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The main aim of this thesis was to characterize some ecological descriptors of the 
Cabrera vole in order to contribute to the definition of a national conservation strategy for 
the species. In order to achieve this main goal several particular questions related with the 
ecology of the Cabrera vole were addressed, as the distribution and characterization of its 
habitats, its demographic parameters, its trophic ecology and spacing behaviour. In 
addition, unexpected events such as a major wildfire in 2003 gave the opportunity of 
evaluating the response of this species to habitat disturbance. 
This chapter consists in an integrated revision of the main results presented and 
discussed in the previous chapters. The discussion in the last chapter, included the 
summing up of all the results obtained and analysed in the previous chapters, such as 
some  references to personal data not yet fully analysed. Proposals for further studies 
improving the knowledge on the species are also included. 
Finally, an integrative overview of the main results is presented as conservation 
measures to be considered in a future national conservation plan for the Cabrera vole.  
 
1. National Distribution 
The work presented in the second chapter of this thesis aimed to identify the 
environmental determinants of the occurrence of the Cabrera vole at a national scale, as to 
model and update is distribution. . Results suggested an enlargement of the previously 
known distribution of the Cabrera vole in Portugal, extending the limits of it distribution 
to new areas in the southwest and to the north-eastern region, far from the previous 
known northern and southern limits (Mathias 1999). This enlargement should not be 
mistaken with any recent expansion of the species, once it most probably result from an 
improvement of sampling effort 
This study also revealed that voles occurred mainly in areas with medium rainfall 
values (between 600 and 1200 mm), low to medium humidity values (lower than 85 %) 
and acid to neutral soils (pH between 3 and 7), corresponding to sub humid climate areas 
included in the thermomediterranean and mesomediterranean bioclimatic zones. Voles 
were absent from areas of arid Mediterranean type climate (e.g Rivas-Martínez 1981) and 
as well from areas of typical temperate oceanic bioclimes of the most north-western 
region of Portugal.  
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The main areas where the Cabrera vole was recorded are included in the potential 
distribution areas predicted by the models presented in this paper. The autologistic map 
of probabilities, which reflects better the known distribution of the species, roughly 
identifies three major areas of high probability of occurrence of M. cabrerae: the 
northeast, the centre and the southwest of Portugal. 
Even though a great effort in data collection and analysis was involved in this study 
the updated national distribution map is still incomplete. For instance sampling within 
some probability areas of occurrence to confirm vole’s presence are requested. This 
includes the eastern Algarve, the Setúbal peninsula and the north-western part of the 
country. 
 
2. Habitat characterization – Chapter III 
One of the areas of higher probability of occurrence (southwest Portugal) was chosen 
as the study area aiming at characterising the habitats of the Cabrera vole at a finer scale. 
In particular, the main goals of this component of the study were to 1) determine the 
degree of niche specialization of the Cabrera vole at a regional scale, 2) to identify the 
higher quality habitats for the species and 3) to analyse the habitat preferences of the 
species at a more local scale. The results of the two first questions were presented in the 
first article of the Chapter III, while the results of the third topic were presented in the 
second paper. 
The global habitat quality model obtained showed that the niche of the species was 
similar to the average conditions found throughout the study area, revealing a low degree 
of specialization. According to this model, montado was the most favourable habitat for 
voles, corroborating what was observed also at a broader scale (Chapter II). In contrast, 
agricultural and forest areas presented very small values of habitat quality. In fact, the 
colonies found in these latter habitats were frequently located in road verges or on the 
edges of crop fields, being usually in marginal areas of the species occurrence. These 
results are corroborated by Santos et al. (2007) who revealed a relative tolerance of 
Cabrera vole to marginal ecological conditions, and are in line with another major found of 
this thesis, that the Cabrera vole does not have any particular preference for a plant 
species of the typical colonies with perennial grasslands (Chapter V). 
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At a more local scale (second article, Chapter III), the Cabrera vole is clearly associated 
with open areas, where green vegetation cover (mainly grasses) is abundant, especially 
during the driest period of the year (San Miguel 1992, Fernández-Salvador 1998). During 
the wet season, green grasses are available everywhere, allowing colonies to disperse 
throughout the area, and thus justifying the lower values of spatial autocorrelation at this 
season. Conversely, during the dry season voles have less availability of vegetation, leading 
to higher densities in few, restricted areas. In addition, several areas that were available 
during the dry season became inundated during the wet season, forcing the individuals to 
occupy other suitable areas. This moving behaviour is still not completely understood and 
several questions remain unanswered: where and how far individuals go or whether or 
not they return to the same summer areas? So, this study also demonstrated that the 
presence of a colony at a given location may not be constant throughout the year.  
The relevance of vegetation cover for the Cabrera vole is well known as it affords 
many ground-dwelling animals’ shelter, food and nesting opportunities (e.g. Monamy & 
Fox 2000, Pusenius & Ostfeld 2002). Vegetation cover may play an important role in 
thermoregulation, preventing from overheating, especially during summer months 
(Mathias et al. 2003). The few studies on Cabrera vole’s diet revealed a predominant 
consumption of grasses (Soriguer & Amat 1988, Rosário et al. 2008), which may also 
justify their importance as a food item in the colonies (Chapter V).  
Two main conclusions can be withdrawn from previous papers (Chapters II and III): 
the importance of the analytical scale and the relevance of the montado to the Cabrera 
vole. This species revealed to be less selective at a regional scale than both at a broad scale 
(selecting specific climate areas) or at a colony scale (selecting patches with dense cover of 
green grasses). This scale-dependent specificity seems to be relatively common within 
mammals (Leiner et al. 2010, Moura et al 2005), and justifies the necessity for studying 
habitat selection at several scales.   
All the recent studies on the Cabrera vole were carried out in Southwest Portugal (one 
of the high probability areas identified in chapter II). It would be of great interest to study 
populations located north of Tagus River where Microtus agrestis, the field vole, a potential 
competitor for similar habitats is also present, considering that a spatial segregation 
between the two species might occur, such as reported for the co-occurrence with the 
water vole (Pita et al. 2010). In our study area water voles were normally associated to 
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water courses and rarely found, while the Cabrera vole seems to be much more common 
occupying a wide range of habitats. 
 
3. Demography and space use dynamics – Chapter IV 
There are few estimates of density for the Cabrera vole, especially for Portuguese 
populations. In chapter IV density values were presented and compared to results 
obtained in similar studies carried out in Spain (Fernández-Salvador et al. 2005). Although 
the densities found in our study area were lower than those estimated in Fernández-
Salvador et al. (2005), a similar season pattern was found (higher densities in winter and 
spring, and lower densities in autumn and summer). A cease on reproduction during 
summer, as previously registered (Fernández-Salvador et al. 2005), was also observed in 
this study as in other Mediterranean populations (Ostfeld 1985, Rosário and Mathias 
2004). Peaks of density were registered in November, December and January 
(corresponding to internal recruitment) and in June (corresponding to external 
recruitment).  
On the contrary to the density values, home ranges estimated in this study were 
higher than those referred by other authors (Landete-Castillejos et al. 2000, Fernández-
Salvador et al. 2005), probably due to differences in habitat structure (Pita et al. 2010). 
Density and home range values are often considered to be inversely related (Vukicevic-
Radic 2006, Wolff 1985). However, more studies are needed in order to assess this 
relationship. 
No significant sex-dependent differences on home ranges or distances between 
successive individual locations were found. This similarity between sexes sustains the 
hypothesis of a monogamous mating behavior in Cabrera voles. The equal sex-ratio 
observed in this study may also sustain this hypothesis.  
The home range differences registered between seasons were the most interesting 
findings in this chapter, since this has never been detected detected in other populations 
of the same species (Fernández-Salvador et al. 2005, Pita et al. 2010). The most likely 
explanation is related with the shrinking of the available patches as summer approaches 
(i.e., grasses dry out, and the voles stay restricted to smaller areas were moister is higher, 
as shown in Chapter V). During summer sedges and rushes are the only available 
vegetation in these moist patches, and the only habitat available for voles, while in the wet 
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season voles can use a wider area. This is in accordance with the findings reported in 
chapter III that pointed to smaller values of spatial autocorrelation in the wet season. 
 
4. Trophic ecology – Chapter V 
In the chapter dedicated to the trophic ecology of the Cabrera vole the first insight 
onto palatability of different plant species was given. Festuca ampla, Agrostis castellana 
and Brachypodium sp. were found to be the most consumed plant species, while the genus 
Bromus (the most consumed in Spain; Soriguer and Amat 1988) was not present in the 
study area. Both studies, however, revealed a clear preference for monocotyledons, 
although consumption estimates were not concordant probably as a consequence of 
structural vegetation differences in distinct biogeographic regions (Santos et al. 2006).  
Besides taxonomy, also the phenology was considered as a significant determinant of 
food choice by the Cabrera vole. Voles showed preference for annual plants, which are 
known to contain less defence toxic substances against herbivores and to be more 
palatable (Bryant et al. 1983, Coley et al. 1985, Hjältén et al. 1996). On the other hand, 
while annual plant species are only available as food sources during a short period, 
perennial plant species are one of the few resources available during summer (as shown in 
Chapter III). Thus, annual plant species cannot allow the maintenance of voles during the 
whole year in contrast to perennial plants. 
These differences in the availability of seasonal food resources are even more evident 
outside the tall perennial grassland communities, where typically occur colonies of the 
Cabrera vole. During summer, the proportion of green plants outside the colonies reduces 
by an half, while in the colonies this proportion reduces only by 14% (Santos et al. 2006). 
This seems to reveal that the establishment of a colony is mainly determined by the 
persistence and abundance of plants over the year, rather than by the presence of 
particular plant communities. In fact, voles preferentially feed on monocotyledons and 
annual plants from both plant communities here considered (colony vs. brushwood). 
These evidences sustained the hypothesis that the Cabrera vole can survive in more 
altered grassland communities mostly including annual plants. Road verges are a good 
example of such communities, which are frequently occupied by the Cabrera vole (Santos 
et al. 2007). Although these habitats are dominated by communities of annual and ruderal 
plants, usually they maintain a high moisture level which allows maintaining plants most 
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of the year. This was also confirmed during field work at the regional scale, in which 
several colonies in more marginal habitats were found (Chapter III).  
Besides the palatability experiment, several pellets of voles were collected for diet 
analyses, and a biomass sampling of most plant species available in the colonies was 
performed. Although pellets are still to be fully processed, there is already an evidence of 
the most abundant plants present in the colonies studied during spring. The species with 
higher biomass were: Agrostis castellana, Festuca ampla and Brachypodium phoenicoides, 
which correspond to the most palatable plants of this experiment. However, 
Brachypodium dystachium, the preferred annual plant species in this experiment, has a 
reduced biomass in the colonies. These preliminary results also sustain the assumption 
that some of the most palatable plants are more abundant in the brushwood than in the 
colonies. These resources are potentially more relevant during dispersion, when voles 
have to cross brushwood (as suggested in Chapter V and VI). On the other hand, these 
plant species can also be important during the wet season, when they are available in the 
colonies vicinity. In effect, in chapter IV it was shown that voles increase their home 
ranges during this season, which could be due to this increase in the available area for 
voles. 
Costa et al. (2006) analysed pellets from a colony in southwest Portugal and found 
positive selection of Bromus diandrus by the Cabrera vole and a negative selection of 
Agrostis castellana. A negative selection for the latter species contradicts the results from 
the palatability experiments presented on this thesis, since A. castellana was the second 
most palatable plant species to the Cabrera vole. The analyses of the pellets from our 
colonies could confirm if there are really differences or otherwise these are due to 
methodological constraints (palatability experiments vs. pellets analyses).   
 
5. Responses to habitat disturbance– Chapter VI 
5.1 Wildfire 
The article presented in chapter VI represents the first report of data on a post-fire 
recolonisation by the Cabrera vole. The first recolonisations occurred more than eight 
months after the occurrence of the wildfire. However, most colonies were recolonised 
within the first year of the post-fire vegetation succession. In accordance with predictions, 
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colonies further away from the edge of the burned area were the last to be recolonised, 
but unexpectedly fire intensity did not influence recolonisation. 
One third of the colonies were recolonised nine months after the fire and two thirds 
were recolonised after one year, which is in accordance with other studies on the 
colonisation of burned areas by herbivorous rodents (Fox 1982; Friend 1996; Monamy 
and Fox 2000; Fox et al. 2003; Briani et al. 2004). Nevertheless, it is the resource 
continuum borne of regenerating vegetation, rather than time per se, that is the main 
determinant of the timing of small mammal successional sequences (Fox 1982; Monamy 
and Fox 2000). 
In the present study, recolonisation occurred in spring and summer following the fire, 
matching the peak of diversity, abundance and development of most plants. The seeds and 
seedlings produced in large quantities at early post-fire successional stages (Ne'eman et al. 
1993) could explain the higher abundance of some herbivorous and granivorous species 
(Haim and Izhaki 1994; Haim and Izhaki 2000).  
Vegetation height proved to be another important variable in the reestablishment of 
the Cabrera vole in a colony. Vegetation plays an important role in the protection against 
several predators (Jacob and Hempel 2003; Torre and Díaz 2004; Spencer et al. 2005, 
Santos et al. 2005), in nest construction (Fernández-Salvador 1998) and offering 
protection from overheating during summer (Mathias et al. 2003).  
Previous studies stated the importance of Gramineae in the Cabrera vole colonies 
(Soriguer and Amat 1988; Fernández-Salvador et al. 2005, this study, chapter III), a staple 
food in its diet (Soriguer and Amat, 1988; this study, chapter V). Surprisingly, the present 
study revealed a negative correlation between Gramineae abundance and the 
reestablishment of the colonies. This can be explained by the fact that the abundance of 
Gramineae in non-recolonised colonies was always higher than 52%, far beyond the 
expected threshold values for the occurrence of this species (real absences of the Cabrera 
vole inferior to 24%; chapter III). Thus, a minimum level of Gramineae cover below which 
the Cabrera vole is absent probably exists, but that level was always surpassed during this 
study. 
Surprisingly, variables related to the severity of the fire did not influence 
recolonisation. Although fire severity tends to increase annual species diversity and 
turnover rate, as well the herbaceous perennial species turnover and biomass (Guo 2001), 
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it is the fire frequency that mostly influences the turnover of plant community (Morrison 
2002).  
As expected, distance was an important variable for determining recolonisation, being 
the colonies that were farther away from the edge of the burned area the last to be 
occupied. It was demonstrated that the Cabrera vole can cover a maximum distance of 
1364 m in eight months, moving distances from 0.009 to 1.364 km. These values indicate 
that the dispersion ability of the Cabrera vole does not seem to impair the reestablishment 
of new colonies since they are in accordance with distances measured for other species 
(Sutherland et al. 2000, Macdonald and Rushton 2003, Telfer et al. 2003). 
Isolated colonies and those surrounded by adverse habitat have a higher probability 
to remain unoccupied (Soulé 1987; Gilpin 1987; Hanski and Gilpin 1991; Hanski 1996; 
Drechler and Wissel 1998; Hanski 1999). Colonies surrounded by the montado were the 
first to be recolonised, probably because this habitat regenerates more easily and is more 
resistant to fire than other habitats here monitored (Natividade 1950, Keeley 1995). These 
colonies also had a more diverse herbaceous vegetation and functional spectrum, which is 
probably a consequence of the traditional management of the montado, as compared to 
other agricultural land uses. Thus, these two combined characteristics could have result in 
a more readly available habitat with more adequate herbaceous vegetation for the Cabrera 
vole colonizers. However, these assumptions need to be tested, by controlling both for the 
characteristics of the colonies and of the surrounding habitats, which were not taken into 
account in this study. 
 
5.2 Shrub clearing 
Traditionally the montado ground cover is a rotation of culture, fallow and pastures 
(Pinto-Correia & Mascarenhas 1999). In most recent decades, however, the structure of 
montado had suffered several changes, mainly due to the abandonment of some of the 
traditional exploitations (Cabral and Sardinha 1992, Pinto-Correia & Mascarenhas 1999). 
In particular, the abandonment of some agricultural practices had often leaded to the 
reduction of shrub clearing frequency. This resulted in the establishment of a well 
developed shrub layer and, consequently, to the necessity of the use of heavy machinery to 
remove it (Pinto-Correia & Mascarenhas 1999).  
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This has been frequently observed in the Grândola region (where part of this thesis 
field work was performed). Shrub removal is done by mowing the soil, removing all kind 
of vegetation from shrubs to herbs. When a colony of the Cabrera vole is mown, all the 
vegetation disappears and the colony is destroyed. Although a study of the effects of these 
events has not been preformed, some observation were made and worth a reflection.  
A sampling of voles was carried out from June 2003 to April 2004 in thirteen colonies 
(Rosario et al. 2004). Three out of these colonies were mown, one of which (the one with 
the highest density) was completely destroyed and the vegetation only started to grow 
two years later. This period is much longer than the period needed for vegetation growing 
after a wildfire, suggesting the need of well-planned studies on the impacts of this process 
in population’s survival.  
 
6 Conservation strategy 
Although it was not the purpose of this thesis to elaborate a conservation plan, some 
of the results here obtained, as well as results obtained in other studies, worth to be 
considered and included as conservation measures for the definition of a national 
conservation strategy for the Cabrera vole. In this way, some measures here proposed are 
applicable at a global scale (eg. point 6.1), others are relevant in the context of particular 
situations, such as the construction of roads (see Figure 8).  
 
6.1 Conservation measures to preserve essential areas and habitats of the Cabrera 
vole in Portugal 
 Enlargement of the SAC (Special Areas of Conservation) in order to include 
areas of high probability of occurrence of the Cabrera vole as determined by 
the national distribution model1; 
                                                             
1 There are several human related activities responsible for the decline of this species that are growing 
rapidly in the distribution area of the Cabrera vole (Pita et al. 2006; Santos et al. 2006). In order to revert this 
trend, a national conservation strategy for the species is urgently needed, which may consider, as a first 
measure, the enlargement of the SAC (Special Areas of Conservation) in order to include the occurrence areas 
here identified. A large proportion of areas identified in chapter II as potentially important for the occurrence 
of the Cabrera vole lack any kind of legal protection, which might difficult the implementation of conservation 
actions aiming at maintain or restore favourable conditions for this species.  
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 At a regional level, in southwest Portugal, a special attention should be given 
to the area that includes the Grândola mountain, given the high density of 
colonies here located2; 
 Within the montado, particular protection actions should be applied within the 
patches of favourable habitat to the establishment of colonies of voles (mainly 
perennial grasslands with sedges and rushes in moistly areas)3. 
 
                                                             
2 The region where this study was performed, in the southwest of Portugal, including Grândola Mountain, 
is one of the places of high probability of occurrence as determined in chapter II. This region harbours a high 
density of colonies and a large area of montado a favourable habitat to these voles. 
3 As shown in this study, the montado is a very important habitat to this species and the most probable 
habitat to found colonies of the Cabrera vole in south Portugal. The traditional management of the montado, 
with a regular and moderated disturbance, favours the maintenance of the perennial grasslands and 
consequently the establishment of voles’s colonies. In these areas, the Cabrera vole lives in open habitats with 
formations of perennial grasses and with herbaceous vegetation that remains green over the year (Santos et al. 
2005, Santos et al. 2006, Rosario and Mathias 2007, Rosário et al. 2008).  Thus, within the montado it should be 
given special attention to these particular habitat patches, which should be target of habitat management 
measures. 
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6.2 Habitat management actions to promote the conservation of the Cabrera vole 
 When mowing shrublands, the grasslands and the patches that contains 
sedges and rushes should not be mowed, especially those in intermittent 
water courses4; 
 Vegetation cut in road verges (usually done to prevent wildfires) included in 
the distribution area of the Cabrera vole should be carefully planned. If 
herbaceous vegetation adequated for the species is available outside the road 
verge, then vegetation can be cut off. If this is not the case, the vegetation of 
the road verge should be cut off leaving some intact patches5; 
 Whenever the destruction of one colony is expected due to land reclamation 
(ex, due to the construction of any kind of infrastructure, such as a road or a 
dam), a plan for saving specimens should be implemented6. This require 1) the 
prospection of areas with potential habitat for the species; 2) the confirmation 
of Cabrera voles presence whenever signs of voles are found (what must be 
done by a specialist) and 3) if the presence of the Cabrera vole is confirmed, 
then mitigation measures, adequated to each case, should be implemented 
(see Figure 8); 
 In order to improve the habitat quality, species adequate to vole’s diet should 
be planted. Particularly important are the species Agrostis castellana, Festuca 
ampla, Brachypodium sp., Vulpia geniculata, Phalaris caerulescens, Bromus 
ordeaceus and Tolpis barbata. Other species, not so important for diet but 
crucial for protection, are sedges and rushes or bushes such as Brambles 
(Rubus sp.) or common myrtle (Myrtus communis). 
                                                             
4 Currently, there is not any kind of management measures directed to the conservation of the Cabrera 
vole, even within the national protected areas. Habitat management in areas where populations of the Cabrera 
vole exist is done by the landownersin accordance with the soil use. In Grândola region, for example, some 
landowners do not mow the patches associated with intermittent water courses or seepages. This constitutes a 
simple measure to implement that can highly promote the establishment and/or maintenance of the species.   
5 Road verges are the only available habitat for the Cabrera vole in some regions, and should be, for that 
reason, target of particular attention. The partial cut of vegetation, planned to preserve some patches, can be a 
sufficient measure to promote the local abundance of the Cabrera vole.  
6 At the present moment, the implementation of most infrastructures is conditioned by studies of 
Environmental Impact Assessment (EIA). Thus, it is during the course of these studies that the plan here 
presented and sensitized in Figure 8  should be put into practice if the project is within the area of occurrence 
of the Cabrera vole.  
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6.3 Information and environmental education campaigns 
Given the importance of land management for the protection of the Cabrera’s vole 
habitats, it would be extremely important to develop information campaigns for the 
landowners. It is well known that eenvironmental agencies and NGO increasingly use 
flagship species (those popular, relatively large, charismatic animals) as tools to trigger 
concern for the species and its habitat. Rodents are usually associated to pests and 
diseases, and had received little attention on what concerns conservation. However, 
contrary to flagship species such as big carnivores, the protection of the Cabrera vole 
habitats it is simpler since it demands less area. It can be much easier to persuade a farmer 
not to mow an area of 1000m2 than to perform conservation actions in hectares of land. 
There is a general lack of knowledge on the Cabrera vole and its conservation status 
among population. Because of this, whenever a mitigation measure is presented in the 
media is always in a derogatory way. To change this mentality it is necessary to develop 
environmental education campaigns in schools, especially in the areas where the species 
exists, as to preserve the future of the Cabrera vole. 
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ANNEX 
I. Confirmation of the occurrence of the Cabrera vole  
For prospecting purposes, we can distinguish two main differences within the area of 
occurrence of the Cabrera vole in Portugal: the north of Tagus River, where it occurs in 
simpatry with other Microtus species - such as M. agrestis or, more locally, M. arvalis; and 
the south of the Tagus River, where the former species are absent. As a consequence, in 
the south the confirmation of the presence of the Cabrera vole can be done simply by the 
presence of fresh signs (pellets, nibbled grasses, tunnels, etc). In contrast, in the north 
there is a need to confirm the presence of the Cabrera vole resorting to trap sampling, 
since field signs are very similar between these sympatric species.  
 
II. Mitigation measures 
When an infrastructure is about to be constructed in a certain area where a colony of 
the Cabrera vole was detected, mitigation measures should be applied. Although these 
measures need to be adapted to each area, there are measures that can be generally 
defined. 
The first measure must be the analysis of an alternative that leaves the colony intact.  
If no other alternative is possible, then it should be studied the possibility of a slight 
change in the project, what should be easy in most cases due to the reduced size of the 
colonies.  
If the decision to destroy a colony is taken, then vegetation should be cut off some 
days before the plow of the land, to allow the voles to escape.  
If the colony is to be destroyed and no adequate habitat for the Cabrera vole is 
available in its vicinity, then the surrounding habitat should be improved. 
In case of unfeasibility of habitat improvement, the translocation of animals to other 
areas should be carried out.  
In some cases, it is possible to preserve a colony, even if it is located within the area of 
the project. For example, if a road is to be rectified but the colony area is not within the 
road layout, then the colony must be protect during works. In effect, good practices should 
be implemented during works, delimiting colonies with tape in order to prevent the 
passage of people and machinery. 
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